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A ttBTBOD FOR MAKmO HBTBROMOLTIMBRIC POZ.YPBPTII1BS 
RAf^CTmnislD OF TH B IMVgNTTON 

Field of the Tnv>,n^;-|<;^p 

This invention relates to a method for making heteromul timer ic 
polypeptides such as multispecific antibodies (e.y. bispecific antibodies) , 
multispecific immunoadhesins (e.g. bispecific immunoadhesins) as well as 

antibody- immuaoadhesin chimeras and the heteromultimeric polypeptides made 
using the method. 



Peacription of R«la^«.^^ ft^^ 

10 Bispecific antibodies 

Bispecific antibodies (BsAbs) which have binding specificities for 
at least two different antigens have significant potential in a wide range 
of clxnical applications as targeting agents for in vitro and in vivo 
immunodiagnosisand therapy, and for diagnostic immunoassays. 

15 m the diagnostic areas, bispecific antibodies have been very useful 

xn probing the functional properties of cell surface molecules and in 
defxnang the ability of the different Pc receptors to mediate cytotoxicity 
(Fanger et a2.. Cyit- F^v. Tn^ninol 12:101-124 [1992]). Nolan et al 

'^^^^ 1040:1-11 (1990) describe other diagnostic 
r particular. BsAbs can be constructed to 

immobilize enzymes for use in enzyme immunoassays. To achieve this, one 

so that bxnding does not cause enzyme inhibition, the other arm of the BsAb 
25 TT i"««bilizing matrix ensuring a high enzyme density at the 

25 desired site. Examples of such diagnostic BsAbs include the rabbit anti- 
IgG/antx-ferritin BsAb described by Hammerling et al . . j. evt, m,^ 
128:1461-1473 (1968, which was used to locate surface antigenr' BsAbs 
havxng binding specificities for horse radish peroxidase (HRP) as well as 
30 Ll!"T" T* developed. Another potential immunochemical 

30 applxcat.on for BsAbs involves their use in two-site immunoassays For 
example, two BsAbs are produced binding to two separate epitopes on the 
analyte protein - one BsAb binds the complex to an insoluble matrix the 
other binds an indicator enzyme (see Nolan et ai.. supra) 

Bispecific antibodies can also be used for in vit^o or in vivo 
.mmunodxagnosis of various diseases such as cancer (Songsivilai et al 
Cl,n^ Exp. Tm,n.nm 79:315 [1990J , . To facilitate this diagnostic use of 
the BsAb. one arm of the BsAb can bind a tumor associated antigen and the 
other arm can bind a detectable marleer such as a chelator whL tightly 
bxnds a radionuclide. Using this approach. i.e noussal et al. made a Bs^ 
useful for radioimmunodetection of colorectal and thryoid carcinomas which 
^? k1*T * carcinoembryonic antigen (CEA) and another arm 

which bound diethylenetriaminepentaceticacid (DPTA) . see Le Doussal et 
aJ.. . Ipt, J. gffn^er Suppl. 7:58-62 (1992) and I.e Doussal et al., j nucI 
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Med. 34:1662-1671 (1993). Stickney et al. similarly describe a strategy 
for detecting colorectal cancers expressing CEA using radioimmunodetectxon . 
These investigators describe a BsAb which binds CEA as well as 
hydroxyethylthiourea-benzyl-EDTA (EOTUBE) . See Stickney et al., Saaser 

5 Res. Sl;66S0-6655 (1991). 

Bispecific antibodies can also be used for human therapy an 
redirected cytotoxicity by providing one arm which binds a target (e.y. 
pathogen or tumor cell) and another arm which binds a cytotoxic trxgger 
LleSle. such as the T-c.ll receptor or the Fey receptor. Accordingly. 
10 bispecific antibodies can be used to direct a patient's cellular xmmune 
defense mechanisms specifically to the tumor cell or infectious ag«.t . 
using this strategy, it has been demonstrated that bispecific -txhodxes 
which bind to the FC7RIII U.e. CD16) can mediate tumor cell kxllxng by 
natural killer (NK) cell /large granular lymphocyte (LGL) cells in vitro and 
15 are effective in preventing tumor growth in vivo. Segal et al., fiSSffi. 
Tn«nunol. 47:179 (1989) and Segal et al., Ploloqiff Therapy of Cancer 2 4) 
Devita et «i. eds. J.B. Lippincott, Philadelphia (1992) p. 1- Sxmxlarly. 
a bispecific antibody having one arm which binds Fo-yRUX and another whxch 
binds to the HER2 receptor has been developed for therapy of ovarian and 
20 breast tumors that overexpress the HER2 antigen. (Hseih-Ma et aJ . SanSSf 
BSSSaiSh 52:6B32-6839 [1992) and Weiner et al. r^no^r R^geaych 53:94-100 
[19931) Bispecific antibodies can also mediate killing by T cells. 
Normally, the bispecific antibodies link the CD3 complex on T cells to a 
tumor-associated antigen. A fully hum«»ized F(ab'), BsAb consistxng of 
25 anti-CD3 linked to anti-pl83"' has been used to target T cells to kxll 
tumor cells overexpres sing the HER2 receptor. Shalaby et al.. ,T. B?ff>- M^*?, 
175(1) -217 (1992) . Bispecific antibodies have been tested in several early 
phase clinical trials with encouraging results. In one trial, 12 patxents 
with lung, ovarian or breast cancer were treated with infusions of 
30 activated T-lymphocytes targeted with an anti-CD3/anti-tumor (MOC31) 
bispecific antibody. deLeij et al. Bisffrcin? ^ribo«1 i ^» »nd Targeted 
rr^^^^Ur m^VQ^i.iW. Romet-Lemonne, Fanger and Segal Eds Lier^art 
(1991) p 249. The targeted cells induced consxderable local lysis of 
tumor cells, a mild inf lanmatory reaction, but no toxic side effects or 
35 anti-mouse antibody responses. In a very preliminary trial of an anti- 
CD3/anti-CD19 bispecific antibody in a patient with B-cell malignancy, 
significant reduction in peripheral tumor cell counts was also achieved. 
Clark et al. p i ffr^r.-ifi^ j^^,>^i^.^ and Targeted CentQar motoxxc^ty . 
Romet-Lemonne. Fanger and Segal Eds.. Lienhart (1991) P- 243. See also 
40 Kroesen et al.. ^r^-"-- Tm^mol. Immunother. 37:400-407 (1993), Kroesen et 
al.. »v .T- cancer 70:652-661 (1994) and Weiner et al . , J. UnmuflgA . 
152-2385 (1994) concerning therapeutic applications for BsAbs . 

Bispecific antibodies may also be used as fibrinolytic agents or 
vaccine adjuvants. Furthermore, these antibodies may be used in the 
treatment of infectious diseases (e.g. for targeting of effector cells to 
virally infected cells such as HIV or influenza virus or protozoa such as 
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Toxoplasma gondii), used to deliver immunotoxins to tumor cells, or target 
immune complexes to cell surface receptors (see Panger et aJ . , sup«> . 

Use of BsAbs has been effectively stymied by the difficulty of 
obtaining BsAbs in sufficient quantity and purity. Traditionally, 
bispecific antibodies were made using hybrid-hybridoma technolog^ 
(Millstein and Cuello. UtijtSS 305:537-539 ll983j ) . Because of the random 
assortment of immunoglobulin heavy and light chains, these hybridomas 
iquadromas) produce a potential mixture of 10 different antibody molecules, 
of which only one has the correct bispecific structure (see Pig. i herein) .' 
The purification of the correct molecule, which is usually done by affinity 
chromatography steps, is rather cumbersome, and the product yields are low. 
Accordingly, techniques for the production of greater yields of BsAb have 
been developed. These are depicted in Pigs. 2A-2B herein. As shown in 
Fig. 2A, bispecific antibodies can be prepared using chemical linkage. To 
achieve chemical coupling of antibody fragments. Brennan ec al.. Science 
229:81 (1985) describe a procedure wherein intact antibodies are 
proteolytically cleaved to generate P{ab'), fragments. These fragments are 
reduced in the presence of the dithiol complexing agent sodium arsenite to 
stabilize vicinal dithiols and prevent interroolecular disulfide formation. 
The Fab' fragments generated are then converted to thionitrobenzoate (TUB) 
derivatives. One of the Fab' -TUB derivatives is then reconverted to the 
Fab' -thiol by reduction with mercaptoethylamine and is mixed with an 
equimolar amount of the other Fab' -TNB derivative to form the BsAb. The 
BsAbs produced can be used as agents for the selective immobilization of 
enzymes. 

Recent progress has facilitated the direct recovery of Fab'-SH 
fragments from B. coli. which can be chemically coupled to form bispecific 
antibodies (see Pig. 2B) . Shalaby et ai.. J. Ext>. M^d 175:217-225 (1992) 
describe the production of a fully humanized BsAb F(ab'), molecule having 
one arm which binds pXB^ and another arm which binds CD3. Bach Fab' 
fragment was separately secreted from B. coli. and subjected to directed 
chemical coupling in vitro to form the BsAb. The BsAb thus formed was able 
to bind to cells overexpressing the HER2 receptor and normal human T cells 
as well as trigger the lytic activity of human cytotoxic lymphocyte^ 
against human breast tumor targets. See also Rodrigues et al.. mt. J. 
gfl^g^yg (Suppl.) 7:45-50 (1992). 

Various techniques for making and isolating BsAb fragments directly 
from recombinant cell cultures have also been described. Por example, 
bispecific F(ab'), heterodimers have been produced using leucine zippers 
(see Pig. 2C) . Kostelny et al., J. immunm 148 (5) :1547-1553 (1992). The 
leucine zipper peptides from the Pos and aun proteins were linked to the 
Fab' portions of anti-CD3 and anti-interleukln-2 receptor (IL-2R) 
antibodies by gene fusioii. The antibody homodimers were reduced at the 
hinge region to form monomers and then reoxidized to form the antibody 
heterodimers. The BsAbs were found to be highly effective in recruiting 
cytotoxic T cells to lyse HuT-102 cells in vitro. The advent of the 



WO96/r7011 



PCT/US96/01598 



-diabody- technology described by Hollinger et .2., fWftS (VgA) 90:6444-6448 
(1993) has provided an alternative mechanism for making BsAb fragments. 
The fragments comprise a heavy chain variable domain (V,) connected to a 
light chain variable domain (V,) by a linker which is too short to allow 
5 pairing between the two domains on the same chain. Accordingly, the V, and 
V, domains of one fragment are forced to pair with the complementary V, and 
V domains of another fragment, thereby forming two antigen-binding sxtes 
(see Fig. 2D herein) . Another strategy for making BsAb fragments by the use 
of single chain Fv (sFv) dimers has also been reported. See Gruber et aJ . 

10 Tnmnmol. 152: 5368 (1994) . These researchers designed an antibody whxch 

comprised the Vh and V, domains of an antibody directed against the T cell 
receptor joined by a 25 amino acid residue linker to the V, and V, domains 
of an anti-fluorescein antibody. The refolded molecule (see Fig. 2E 
herein) bound to fluorescein and the T cell receptor and redirected the 

15 lysis of human tumor cells that had fluorescein covalently linked to thexr 

surface. , 

It is apparent that several techniques for making bispecif xc antxbody 
fragments which can be recovered directly from recombinant cell culture 
have been reported. However, full length BsAbs may be preferable to BsAb 
20 fragments for many clinical applications because of their likely longer 
serum half -life and possible effector functions. 



immunoadhesins (la's) are antibody-like molecules which combine the 
binding domain of a protein such as a cell-surface receptor or a ligand (an 
25 -adhesin") with the effector functions of an immunoglobulin constant 
domain. Immunoadhesins can possess many of the valuable chemical and 
biological properties of human antibodies. Since immunoadhesins can be 
constructed from a human protein sequence with a desired specificity linked 
to an appropriate human immunoglobulin hinge and constant domain (Fc) 
30 sequence, the binding specificity of interest can be achieved using 
entirely human components. Such immunoadhesins are minimally immunogenic 
to the patient, and are safe for chronic or repeated use. 

immunoadhesins reported in the literature include fusions of the T 
cell receptor (Gascoigne et al.. Proff, y^^L ftrad- gg^, VSA 84:2936-2940 
35 [1987)), CD4 (Capon et al.. Nature 337:525-531 [1989]; Traunecker et aJ . , 
Mature 339:68-70 [19891 ; Zettmeissl et aJ . . PN^ r.r.l\ g^d, VSh 9:347-353 
(1990); and Bym et al., fiatJffS 344:667-670 [1990)); L-selectin or homing 
receptor (Watson et al.. .7. qftH, Biol. 110:2221-2229 [1990); and Watson 
et al.. Mature 349:164-167 (1991)); CD44 (Aruffo et al . . Cgll 61:1303-1313 
40 (1990)); CD28 and B7 (Linsley et aJ.. J. m^. 173:721-730 (1991)); 

CTIA-4 (Lisley et al.. -t. Bxh. Med. 174:561-569 (19911); CD22 (Stamenkovic 
et al.. Cell 66:1133-1144 (1991)); TNF receptor (Ashkenazi et a J . . Prog, 
w«t-_l . keaa sei ■ USA 88:10535-10539 (1991); Lesslauer et al . , . J, 

Immunol. 27:2883-2886 (1991); and Peppel et al . , J. Med, 174:1483-1489 

45 (1991)); NP receptors (Bennett et al., ,7- Biyol , g^^m, 266:23060-23067 
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U991]); intef eron 7 receptor (Kurschner ec ai . , j. Biol, rh^n. 267-9354- 
9360 tl992j), 4.1BB (Chalupny et al.. [U?Al, 89:10360-10364 (1992)) and 

I9E receptor a (Ridgway ««1 Oomum, sT. C^n- Bipl Vol. XIS, Abstract No. 
1448 [1991] ) . 

5 Examples of inrnnmoadhesins which have been described for therapeutic 

use include the CD4-lgO imnunoadhesin for blocking the binding of HIV to 
cell-surface CD4 . Data obtained from Phase I clinical trials in which CD4- 
IgG was administered to pregnant women just before delivery suggests that 
this immunoadhesin may be useful in the prevention of maternal - fetal 
ranszer of HIV. Ashlcenazi ec al.. Intern. B« v. imrnmr,;! 

10:219-227 

<1993) . An immunoadhesin which binds tumor necrosis factor (TUP) has also 
been developed. TNP is a proinflammatory cytokine which has been shown to 
be a major mediator of septic shock. Based on a mouse model of septic 
Shock, a TOP receptor immunoadhesln has shown promise as a candidate for 

llL ..T ^" ""'"""^ ^'^'^'^ (Ashkenazi et al.. supra), 

immunoadhesins also have non-therapeutic uses . For example, the L-selectin 

iroerlnh TT*'*:''" "'"'^ " ^ "^^^"^ histochemical staining 

of peripheral lymph node high endothelial venules (HBV) . This reagent was 

20 ai'r s^up'ra)'" L-selectin ligand (Ashkenazi et 

snecifl.^^.'*"*.!*^. °* immunoadhesin structure have different 

specafxcities. the xmmunoadhesin is called a "bispecific immunoadhesin" by 
analogy to blapecxfic antibodies. Dietsch et aJ t t , ^ 

162.123 (1993) describe such a bispecific immunoadhesin combining the 
extracellular domain, of the «^esion molecules. B-selectin and P-selectrn 
!o ITT bispecific immunoglobulin fusion protein 

so formed had an enhanced ability to bind to a myeloid cell line compared 
to the monospecific immunoadhesins from which it was derived. 

Antibody- Ti^^^niTTadhrn 1 n rhi moran 

the (Ab/la) chimeras have also been described in 

the literature. These molecules combine the binding region of an 
immunoadhesin with the binding domain of an antibody 3 on of 

..>J"^ " ^ ^^^^ •8:4723-4727 (1991) „„ide a bispecific 

antibody-immunoadheslnchimera which was derived from murine CD4-IgG These 
workers constructed a tetrameric molecule having two arms. One^rm "a 

IZTcoV/"- '"^r" ^ heavy-Cham constant domain al^^ 

with a CD4 fusion with an antibody light-chain constant domain. The other 
arm was composed of a complete heavy-chain of an anti-CD3 antibody along 
TJT L'T"' li^ht-chalnof the same antibody. By virtue of the L!-^o 
cITis TK """"^^^ '''^ on the surface of cytotoxic T 

cells The juxtaposition of the cytotoxic cells and HIV-infected cells 
results m specific killing of the latter cells. 

in ,r ""'^ ctescrlbe a bispecific molecule that was tetrameric 

xn structure, it is possible to produce a trlmerlc hybrid molecule that 
contains only one Cn4-Ig0 fusion. See Chamow et .1.. ^^.j.^^'tlT^ 
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(1994) The first arm of this construct is formed by a humanized anti-CD3 
K light chain and a humanised anti-CD3 y heavy chain. The second arm is 
a CD4-lgG immunoadhesin which combines part of the extracellular domain of 
CD4 responsible for gpl20 binding with the Fc domain of IgG. The resultant 
5 Ab/la chimera mediated killing of HIV-infected cells using either pure 
cytotoxic T cell preparations or whole peripheral blood lymphocyte (PBD 
fractions that additionally included Fc receptor-bearing large granular 
lyit^phocyte effector cells. 

m the manufacture of the above-mentioned heteromultimers , it is 
10 desirable to increase the yields of the desired heteromultimer over the 
homomultimerCs). The invention described herein provides a means for 
achieving this. 

gOMMARY OF THB IMVKHTIOH 

This application describes a "protuberance- into- cavity" strategy 
15 which serves to engineer an interface between a first and second 
polypeptide for hetero-oligomerization. See Fig. 4 for a schematic 
illustration of the strategy employed. The preferred interface comprises 
at least a part of the Ch3 domain of an antibody constant domain. 
"Protuberances- are constructed by replacing small amino acid side chains 
20 from the interface of the first polypeptide with larger side chains (e.g. 
tyrosine or tryptophan) . Compensatory -cavities" of identical or similar 
size to the protuberances are optionally created on the interface of the 
second polypeptide by replacing large amino acid side chains with smaller 
ones (e.g. alanine or threonine). Where a suitably positioned and 
25 dimensioned protuberance or cavity exists at the interface of either the 
first or second polypeptide, it is only necessary to engineer a 
corresponding cavity or protuberance, respectively, at the adDacent 
interface. 

Accordingly, the invention can be said to relate to a method of 
30 preparing a heteromultimer comprising a first polypeptide and a second 
polypeptide which meet at an interface, wherein the first polypeptide has 
a protuberance at the interface thereof which is positionable in a cavity 
at the interface of the second polypeptide. In one aspect, the method 
involves: (a) culturing a host cell comprising nucleic acid encoding the 

35 first polypeptide and second polypeptide, wherein the nucleic acid encoding 
the first polypeptide has been altered from the original nucleic acid to 
encode the protuberance or the nucleic acid encoding the second polypeptide 
has been altered from the original nucleic acid to encode the cavity, or 
both, such that the nucleic acid is expressed; and (b> recovering the 

40 heteromultimer from the host cell culture. 

Normally. the nucleic acid encoding both the first polypeptide and 
the second polypeptide are altered to encode the protuberance and cavity, 
respectively. Preferably the first and second polypeptides each comprise 
an antibody constant domain such as the 0,3 domain of a human IgG,. 



6 



wo 9</27011 



PCT/US96/01S98 



15 



The invention also provides a beteromultimer (such as a bispecific 
antibody, bispecific immunoadhesin or antibody/ immunoadhes in chimera) 
comprising a first polypeptide and a second polypeptide which meet at an 
interface. The interface of the first polypeptide comprises a protuberance 
5 which is positionable in a cavity in the interface of the second 
polypeptide, and the protuberance or cavity, or both, have been introduced 
into the interface of the first and second polypeptides respectively. 
The heteromultimer may be provided in the form of a coinposition further 
eoirprising a pharmaceutically acceptable carrier. 
10 The invention also relates to a host cell coii5)ri8ing nucleic acid 

encoding the heteromultimer of the preceding paragraph wherein the nucleic 
acid encoding the first polypeptide and second polypeptide is present in 
a single vector or in separate vectors. The host cell can be used in a 
method of making a heteromultimer which involves culturing the host cell 
so that the nucleic acid is expressed and recovering the heteromultimer 
from the cell culture. 

m yet a further aspect, the invention provides a method of preparing 
a heteromultimer comprising: 

(a) altering a first nucleic acid encoding a first polypeptide so 
that an amino acid residue in the interface of the first polypeptide is 
replaced with an amino acid residue having a larger side chain volume, 
thereby generating a protuberance on the first polypeptide; 

(b) altering a second nucleic acid encoding a second polypeptide 
so that an amino acid residue in the interface of the second polypeptide 
xs replaced with an amino acid residue having a smaller side chain volume, 
thereby generating a cavity in the second polypeptide, wherein the 
protuberance is positionable in the cavity; 

(c) introducing into a host cell the first and second nucleic acids 
and culturing the host cell so that expression of the first and second 

30 nucleic acid occurs and 

(d) recovering the heteromultimer formed from the cell culture 

The invention provides a mechanism for increasing the yields of the 
heteromultimer over other unwanted end-products such as homomultimers 
Preferably, the yields of the heteromultimer recovered from recombinant 
35 cell culture are at least greater than 80% and preferably greater than 90% 
compared to the by-product homomultimer (s) . 
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Brief Pescripti on of th«» Prawinoa 
Pig. 1 depicts the various antibody molecules which may be generated 
when the traditional hybrid-hybridoma technique of Millstein and Cuello 
40 supra, is used for making full length BsAbs. 

Pigs. 2A-2B illustrate the various techniques of the background art 
for manufacturing BsAb fragments, reviewed in the background section above 

Pigs. 3A-3C depict an exemplary strategy for making an immunoadhesin 
dimer (Pig. 3C) comprising the binding domain of a receptor (Fig. 3A) and 
the constant domain of an IgQ, immunoglobulin (Pig. 3B) . 
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Pig. 4 illustrates schematically the protuberance- into-cavity 
strategy of the instant application for generating heteromultimerB . 

Pig 5 shows the interface residues of the C„3 domain of the 
immunoglobulins IgG (SEQ ID KOs: 1-3). IgA (SEQ ID NO: 4). IgD (SEQ ID NO: 
5 5) IgB (SEQ ID NO: 6) and IgM (SEQ ID NO: 7) . The C„3 domain of each of 
these immunoglobulins is made up of a -0-sandwxch" . which is comprised of 
two separate and parallel "P-sheets" . One of the ^-sheets provides the 
interface residues, the other is the "exterior P-sheef. The fl-sheet 
forming the interface is formed from four "^-strands" . The residues of 
10 each of the seven /8- strands of the C„3 domain of the various immunoglobulins 
are identified by dashed overlining. The residues in the middle and edge 
^-strands of the interface are identified, as are those of the exterior P- 
sheet. Residue numbering is according to Fc crystal structure 
(Deisenhofer, Biochem. 20:2361 [1981]). The residues buried in the 
15 interior of the C.3 domain are identified with a "B". those which are 
partially buried in the interior of the C„3 domain are identified with a 
-b" those -contact" residues **ich are partially buried at the interface 
(1 e 26%-10% exposed) are identified with an "i" and those which are 
buried at the interface {i.e. <6% exposed) are identified with an -I". The 
20 bold residues are optimal candidate original residues for replacement with 
inport residues. 

Fig. 6 identifies the interface residues of human (h) (SEQ ID NOs: 
e-11 and 16) or murine (m) (SEQ ID NOs: 12-15) IgO subtypes (B-ASX and 
Z-GUC) . The residues in /8- strands at the edge and middle of the interface 

25 are braOceted and "contact- residues are indicated with arrows. Sequences 
obtained from Miller et a J . . .T. M<?1. BiQj. 216:965 (1990) and Kabat et 
aj., Q.^,.r>ce« of P ^^^^^n. Immunol oqicsl Int^rgg^?. National Institutes 
of Health, Bethesda. MD, ed. 5. (1991). It is apparent that the contact 
residues are highly conserved. 

30 Fig 7 shows the interface residues of the C„3 domain of human IgG». 

Data derived from Miller et al.. J. M9?.. B^gl, 216:965 (1990) . "Contact- 
residues are shown and those residues mutated in the examples described 

herein are boxed. , 

Fig. 8 shows schematically the co- trans feet ion assay for examining 

35 PC heterodimerization described in the exairples. 

Fig 9 depicts a C„3 dimer based upon a 2.9 A structure of human IgG. 
PC (Deisenhofer. Biochem. 20:2361 (1981)) highlighting T366Y and y407T 
mutations on opposite sides of the interface together with residues Phe« 
and thr"* ("Kabat numbering- - Kabat et al.. Sequences <?f Protexns pf 
40 ^r mr^r,r.^r„,n.■L interest . National Institutes of Health. Bethesda. md. ed. 
5, [1991] ) . 

Pigs. lOA-lOE depict a scanning densitometric analysis of SDS-PAGE 
■ of products from co-transf ection of antibody (Ab) heavy (H) and light (D 
chains with immunoadhesin (la). Fig. lOA shows wild-type; Fig. lOB shows 
45 mutant Ab y407T, la T366Y; Fig. IOC shows mutant Ab T366Y. la y407T; Fig. 
lOD shows mutant Ab P405A, la T394W; and Fig. lOE shows mutant Ab 
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W66Y:P405A. la T394W:V407T. Data presented are the mean fro. at least 2 
^dependent experiments. The densitometrlc signal response was found to 
TuJT^' ' experin«ntal r«»ge used (0.02-10^9) as 

5 h^DS « TT ^^'^"^^ ^'^^ - -lated hu„«„i.ed antibody. 

5 huMAb4D5.8 (Carter et ai . . P^g, K^tl f,r,^ sr1 89:4285 (1992] ) . 

definiSon!T"'' h^^' ^^^-^^^ or phrases have the indicated 

definitions when used in the description, examples, and claims: 

10 comoriLrrr""""""" "heteromultimeric polypeptide- is a molecule 
10 compr«xng at least a first polypeptide and a second polypeptide wherein 
the second polypeptide differs in amino acid se«^ence f rom the^L^" 
polypept.de by at least one amino acid residue. Prefer^lv ^he 
hetercultimer has binding specificity for at least two drf fereTli'^a^ds 

IS :: t;rfLr"d ^^^*^^™"»-<^--------r::i:rr"^^^ 

by the first and second polypeptide or can form higher order tertiarv 
structures where polypeptides in addition to the first^d " I 
polypeptide are present. Exemplary structures fo^ the H - T 

further oligomeric :::;.;tle: '^'"^" ^'^^^'^^^ -tibody, and 

AS used herein, -polypeptide- refers generally to oeotide* 
proteins having more than about ten amino acids. PrefelbH 1" l 
polypeptides (polypeptides that were originally derivll fr^ a ^ ' " 
25 organism, are used, more preferably those^hich'^.rrdr^e^^^^^^^^^ 

medium. Hxan^.es of bacterial polypeptides include e r alka lint 
tl^lTlTJT^^^^- '--''-^ polypeptides nlde 

vine J.cho, „ ; '""°»'-- 9l<«»9on; clotting t.otor. .ueh .. f.otor 

.«tL :„T.r;™'.rc T: r "°° """■-"■^ «,ti.ciotti„s 
.= -.-~.r'.:«rr.;;KrtJL-^r:r^°- ^^^^^ ■ 

plasminogen .ctlv.tor (t.Ml . i • ^ tis.u.-typ« 

<r.g»l.t« on .otivtion no™,lly T-o.ll^^^"• *'*'''"*'*-' 



45 



«.cto„,. i„t.g.in, p„t.in . „ •>~i^:::z77^ZrT'7Zz:^'' 

«.ctor ..OH „ .o..-a..iv..n.«„trop^o ^,oto. .»»P, "LotZH^r^ 



-9- 



10 



20 



PCTAJS9d/01598 

WO 9607011 

^ or 6 (NT-3 OT.4. MT-S, or NT-6) . or a nerve growth factor such as 
K^;.; pXatiret-deTivlkgrowth factor <PDO., ; f ihrohlast .rowth factor such 
Tapi/LI hKO.; epi.er^X growth factor (HOP,; "---^"^^^f ^4;^ 
(TCP) such as TOP-alpha and TOP-beta. including f^'f^^' 
TGF-fl4 or TGF-/35; insulin- like growth factor-I and -11 (IGF-I and IGF il) , 
IGP-I (b;ain lOP-I), insulin-liJce growth factor binding protexns; 
desd 3, lor 1 I erythropoietin; 
CD proteins such as CD-3, «, iompi - 

ostelinductive factors; in«u«otoxins ; a bone .norphogenetic protein (BMPK 
L interferon such as interferon- alpha, -beta, and -gamma.- colony 
"iJTating factors <CSPs) . e.g.. M-CSF. GM-CSF. and G-CSF; interle^ms 
UL^ e.g . II-l to XL-XO; superoxide disnuztase; T-cell receptors; surface 
In^rane proteins; decay accelerating factor; viral antigen such as for 
^.n^le. a portion of the AIDS envelope; transport proteins; homing 
!^c!^tors; addressins; regulatory proteins; antibodies; and fragments of 
15 any of the above- listed polypeptides. 

The "first polypeptide- is any polypeptide which is to be associated 
with a second polypeptide. The first and second polypeptide meet at an 
"interface" (defined below, . In addition to the interface. ^^-J^^ 
polypeptide may coniprise one or more additional domains, such as binding 
=0 domains., (e.g. an antibody variable domain, receptor binding domain, ligand 
binding domain or enzymatic domain) or antibody constant domains or parts 
thereof) including C«2. C„l and C, domains. Normally, the first polypeptide 
will comprise at least one domain which is derived from an antibody. This 
domain conveniently is a constant domain, such as the C«3 domain of an 
^S antibody and can form the interface of the first PO^VP-P^-^- ^Z^rl^ 
first polypeptides include antibody heavy chain polypeptides, chimeras 
combining an antibody constant domain with a binding J'* ^ 

heterologous polypeptide (i.e. an immunoadhesin. see definition below) 
receptor polypeptides (especially those which dimers 
30 receptor polypeptide, e.g.. interleukin-8 receptor [II.-8R1 and integrin 
heterodimers le.g. U^A-l or GPXlIb/IHaJ , . ligand polypeptides (e.g. nerve 
growth factor IKOF] , neurotrophin-3 t»T-3] . and brain-derived neurotrophic 
fHtor [BDNPl - see Arakawa ec al. -T Bjol. Qft^m. 269(45): 27833-2783S 
[19941 and Radziejewski et al. fiifiStSHL 32(48): 1350 11993]) and antibody 
35 variable domain polypeptides (e.g. diabodies) . The preferred first 
polypeptide is selected from an antibody heavy chain and an immunoadhesin^ 
The .-second polypeptide" is any polypeptide which is to be associated 
with the first polypeptide via an -interface". In addition to the 
interface, the second polypeptide may comprise additional domains such as 
40 a -binding domain- (e.g. an antibody variable domain, receptor binding 
domain, ligand binding domain or enzymatic domain) . or antibody constant 
domains (or parts thereof, including C^. C.l and C, domains. Normally, the 
second polypeptide will comprise at least one domain which is derived from 
an antibody. This domain conveniently is a constant region, such as the 
45 C»3 domain of an antibody and can form the interface of the second 
polypeptide. Exemplary second polypeptides include antibody heavy chain 
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polypeptides, chimeras combining an antibody constant domain with a binding 
domaxn of a heterologous polypeptide (i.e. an in«nmoadhesin, see definition 
below) . receptor polypeptides (especially those which form dimers with 
another receptor polypeptide, e.g.. interleu)cin-8 receptor IiL-eR] and 
5 xntegrin heterodlmers [e.g. lpa-1 or GPlIlb/IllaJ ) . ligand polypeptides 
(e.g. nerve growth factor [KOP] , neurotrophin- 3 I1IT-3J . and brain-derived 
neurotrophic factor [BDNFJ - see Arakawa et aJ. j. Biol 269 Us) - 

27833-27S3. U.S.J and Radzie.ewski et a.. Bi^ ".(is,: iTso " ^3 
and antibody variable domain polypeptides (e.g. diabodies) . The preferred 
10 second polypeptide is selected from an antibody heavy chain and an 
imiminoadhesin . 

^•««/.K?^T''^ comprises any region of a polypeptide which is 

responsible for selectively binding to a molecule of interest (e.g. an 
antxgen. Ixgand. receptor, substrate or inhibitor). Exemplary binding 

Ixgand binding domain and an enzymatic domain. 

The term -antibody- shall mean a polypeptide containing one or more 
domains capable of binding an epitope on an antigen of interest, where ^^ch 
T °' ^^^--l^^o- with the variable region of an 

^tibody. Examples of antibodies include full length antibodies, antibody 

molecules, bispecific or bifunctional molecules^ 
antibodies (e.g. humanized and Primatized" 
^a^^tl *"3ments- include Pv. Pv- , Pab. Pab' . and P(ab.), 

" are spL"^'":*" ^^^-^«> -tibodies 

ther^7 wH. immunoglobulins, immunoglobulin chains or fragments 

i^Z^flJ? ^-o- non-human 

immunoglobulin. Por the most part, humanized antibodies are human 

^te^ining region (CDR, of the recipient are replaced by residTes from a 
T^J! « «°»-*»"««« apecies (donor antibody) such as mouse, rat. rabbit or 
primate having the desired specificity, affinity and capacity. m sole 

a::^::^': r^^^^' ^^^-^ ii^ogTobuiTn 

« r corresponding non-human residues. Purthermo^e the 

» hum«»ixed antibody may comprise residues which are found neit^ !; 

"Sfir^i"""^'' """^ '"^'^•^ °' ae^ences. Thes: 

T,^::T\::T^^-'\''^"''^' ^'^•"^^ -^"^^^^^ performance, 

in general, the humanized antibody will comprise substantially all of at 

least one. and typically two. variable domains, in which all or 

I™":'?" '^'"^^ — - °^ a non-huJn 

im.m«oglobulin and all or substantially all of the PR regions are those of 

CilTZor'^Tr""'" ized antibody optimally also 

will comprise at least a portion of an immunoglobulin constant region (Pc) 
typxcally that of a human immunoglobulin. The humanized antibody inclulls 
a Primatized" antibody wherein the «.tigen- binding region of the anti^^; 
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is derived from an antibody produced by in««a.izing macaque monkeys with the 
antigen ^f^^^^^^^ ^^^^^^,^„ , ,,.,.3 ,i„.i„, specificities 

for at least two different antigens. While such molecules normally wxll 

5 only bind two antigens (I.e. blspecific antibodies. BsAbs) , antibodxes wx,^ 
additional specificities such as trispecif ic antibodies are --'^"-^ 
this expression when used herein. Examples of BsAbs include those wxth one 
Irm directed against a tumor cell antigen and the "'^^ *™ ^^^^'^^f 
against a cytotoxic trigger molecule such as anti-FcT.RI/antx-a^X5, antx- 
XO p!8S-/Pc.RXXX (cnxe,. ant i-CD3/ ant i -malignant B-cell <-"j ' 

CDa/anti-pie*"'. anti-CD3/anti-p97. anti-CD3/anti -renal cell carcxnoma. 
anti-CD3/anti-OVCAR-3,anti-CD3/l.-Dl (anti- colon carcinoma) anti-CD3/antx- 
melanocyte stimulating hormone «^alog, anti-EGF receptor/ ant X-CB3 antx- 
CD3/anti-CAMAl. anti-CD3/anti-CI>l9, antx-CD3/MoVl8 , ^'^-"^""^ 

i5 ahesion molecule (NCAM) /anti-CD3 . anti-folate binding protexn tf^^y*"^- 
cn3. anti-pan carcinoma associated antigen (Ar«H:-3l)/anti-CD3,. BsAbswxth 

one arm which binds specifically to a tumor antigen and one arm whxch bxnds 
to a toxin such as anti-saporin/anti-Id-1. anti-CD22/anti-saporxn, antx- 
CD7/anti-saporin, anti-CD38/anti-saporin, anti-CEA/anti-ricin A chaxn. 
20 anti-interferon-«(IFN-a)/anti-hybridoma idiotype, «»ti-CEA/antx-vxnca 
alkaloid; BsAbs for converting enzyme activated prodrugs such as antx- 
CD30/anti-alkaline phosphatase (which catalyzes conversion of mxtomycxn 
phosphate prodrug to mitomycin alcohol) ; BsAbs which can be used as 
fibrinolytic agents such as anti-fibrin/anti-tissue plasminogen actxvator 
25 (tPA) anti-fibrin/anti-urokinase-typeplasminogen activator (uPA) ; BsAbs 
for targeting immune con^lexes to cell surface receptors such as «tx-low 
density lipoprotein (i^l.) /anti- Pc receptor (e.g. FcirRI. FcnrRH or PcyRIII); 
BsAbs for use in therapy of infectious diseases such as anti-CD3/antx- 
herpes simplex virus (HSV) , anti-T-cell receptor:CD3 complex/antx- 
30 influenza. anti-Fc-rR/anti-HIV; BsAbs for tumor detection In or xn 

vivo such as anti-CEA/anti-EOTOBE. anti-CEA/anti-DPTA. antx-plStf" /antx- 
hapten; BsAbs as vaccine adjuvants (see Fanger et al . . supra); and BsAbs 
as diagnostic tools such as anti-rabbit IgG/anti- ferritin, antx-horse 
radish peroxidase (HRP) /anti-hormone, anti-somatostatin/anti-substance P. 
35 anti-HRP/anti-FITC. anti-CEA/anti-fl-galactosidase (see Nolan et al. 
supra) . Exainples of trispecif ic antibodies include anti-CD3/antx-CD4/antx- 
CD37. anti-CD3/anti-CD5/anti-CD37and anti-CD3/anti-CD8/anti-CD37^ 

AS used herein, the term -immunoadhesin- designates antxbody-lxke 
molecules which combine the -binding domain" of a heterologous protein (an 
40 -adhesin". e.g. a receptor, ligand or enzyme) with the effector functxons 
of immunoglobulin constant domains. Structurally, the ^'"^-^^^""^^ 
comprise a fusion of the adhesin amino acid sequence wxth the desxred 
binding specif icity which is other than the antigen recognition and bxndxng 
site (antigen combining site) of an antibody (i.e. is -heterologous") and 
45 an immunoglobulin constant domain sequence. The immunoglobulin constat 
domain sequence in the immunoadhesin may be obt.xned from any 
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immunoglobulin, such as IgG,, IgC3„ IgG,, or IgG, subtypes, IgA, IgE, IgD or 
IgM. 

The term -ligand binding domain" as used herein refers to any native 
cell -surface receptor or any region or derivative thereof retaining at 
least a qualitative ligand binding ability, and preferably the biological 
activity of a corresponding native receptor. In a specific embodiment, the 
receptor is from a cell -surface polypeptide having an extracellular domain 
which is homologous . to a member of the immunoglobulin supergenef amily . 
Other typical receptors, are not members of the immunoglobulin 
supergenefamily but are nonetheless specifically covered by this 
definition, are receptors for cytokines, and in particular receptors with 
tyrosine kinase activity (receptor tyrosine kinases), members of the 
hematopoietin and nerve growth factor receptor superf amilies, and cell 
adhesion molecules, e. g. (E-, L- and P-) selectins. 

The term "receptor binding domain" is used to designate any native 
ligand for a receptor, including cell adhesion molecules, or any region or 
derivative of such native ligand retaining at least a qualitative receptor 
binding ability, and preferably the biological activity of a corresponding 
native ligand. This definition, among others, specifically includes 
binding sequences from ligands for the above-mentioned receptors . 

As used herein the phrase "multispecif ic immunoadhesin" designates 
immunoadhesins (as hereinabove defined) having at least two binding 
specificities (i.e. combining two or more adhesin binding domains). 
Multispecif ic immunoadhesins can be assembled as heterodimers , 
hetcrotrimers or heterotetramers, essentially as disclosed in wo 89/02922 
(published 6 April 1989), in EP 314,317 (published 3 May 1989), and in U.S. 
Patent No. 5,116,964 issued 2 May 1992. Preferred multispecif ic 
immunoadhesins are bispecific. Examples of bispecific immunoadhesins 
include a>4-lgG/TNPreceptor-IgG and CD4 - Igo/L- select in -IgG. The last 
mentioned molecule combines the lymph node - binding function of the 
lyn5>hocyte homing receptor (LHR, L-selectin) , and the HIV binding function 
of 0)4, and finds potential application in the prevention or treatment of 
HIV infection, related conditions, or as a diagnostic. 

An "antibody- inimunoadhesin chimera (Ab/Ia chimera)" comprises a 
molecule which combines at least one binding domain of an antibody (as 
herein defined) with at least one immunoadhesin (as defined in this 
application) . Exemplary Ab/Ia chimeras are the bispecific CD4-lgG chimeras 
described by Berg et aJ . , supra and Chamow ct al . , auprm. 

The "interface" comprises those "contact" amino acid residues (or 
other non-amino acid groups such as carbohydrate groups, NADH, biotin, PAD 
or haem group) in the first polypeptide which interact with one or more 
"contact" amino acid residues (or other non-amino acid groups) in the 
interface of the second polypeptide. The preferred interface is a domain 
of an immunoglobulin such as a variable domain or constant domain (or 
regions thereof) , however the interface between the polypeptides forming 
a heteromultimeric receptor or the interface between two or more ligands 
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such as NGF, NT- 3 and smtF are included within the scope of this term. The 
preferred interface comprises the C„3 domain of an immunoglobulin which 
preferably is derived from an igG antibody and most preferably an human igG^ 
antibody. 

A "protuberance" refers to at least one amino acid side chain which 
projects from the interface of the first polypeptide and is therefore 
positionable in a con^ensatory cavity in the adjacent interface (i.e. the 
interface of the second polypeptide) so as to stabilize the he teromul timer, 
and thereby favor heteromultimer formation over horoomul timer formation, for 
example . The protuberance may exist in the original interface or may be 
introduced synthetically {e.g. by altering nucleic acid encoding the 
interface) . Normally, nucleic acid encoding the interface of the first 
polypeptide is altered to encode the protuberance. To achieve this, the 
nucleic acid encoding at least one "original" amino acid residue in the 
interface of the first polypeptide is replaced with nucleic acid encoding 
at least one "import" amino acid residue which has a larger side chain 
volume than the original amino acid residue. It will be appreciated that 
there can be more than one original and corresponding import residue . The 
upper limit for the number of original residues which are replaced is the 
total number of residues in the interface of the first polypeptide. The 
side chain volumes of the various amino residues are shown in the following 
table . 

TABIS 1 

Properties of Amino Acid Residues 



30 



35 



40 



^"^^min^Ac^^^™' 


One-Letter 
Abbr. 


MASSr 
(daltons) 


VOLUME 

<A') 


Accessible 1 
Surface Area*" 
(A») 1 


Alanine (Ala) 


A 


71.08 


88.6 


115 


Arginine (Arg) 


R 


156.20 


173.4 


225 


Asparagine (Asn) 


N 


114.11 


117.7 


160 


Aspartic acid 
(Asp) 


D 


115.09 


111.1 


150 


Cysteine (Cys) 


C 


103.14 


108.5 


135 


Glutamine (Gin) 


Q 


128.14 


143.9 


180 


Glutamic acid 
(Glu) 


E 


129.12 


138.4 


190 


Glycine (Gly) 


G 


57.06 


60.1 


75 


Histidine (His) 


H 


137.15 


153.2 


195 


Isoleucine (lie) 


I 


113.17 


166.7 


175 


Leucine (Leu) 


L 


113.17 


166. 7 


170 


Lysine (Lys) 


K 


128.18 


168.6 


200 


Methionine (Met) 


M 


131.21 


162.9 


185 
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Phenylalinine 
(Phe) 


P 


147.18 


189.9 


210 


Proline (Pro) 


P 


97.12 


122.7 


145 


Serine (Ser) 


S 


87.08 


89.0 


115 


Threonine (Thr) 


T 


101.11 


116.1 


140 


Tryptophan (Trp) 


H 


186.21 


227.8 


255 


Tyrosine (Tyr) 


Y 


163.18 


193.6 


230 


Valine (Val) 


V 


99.14 


140.0 


155 



10 



15 



Molecular weight amino acid minus that of water . Values from 
BandbQgK of eaiemlstrv and Phv«4>^p 43rd ed. Cleveland, Chemical 
Rubber Publishing Co. , 1961. 

Values from A. A. Zamyatnin, Proa. Biophvs. htel r,»i , 24:107- 
123, 1972. 

Values from C. Chothia. J. Mol . Bi»i X05:l-14. 1975. The 
accessible surface area is defined in Figures 6-20 of this 
reference . 



The preferred import residues for the formation of a protuberance are 
generally naturally occurring amino acid residues and are preferably 
20 selected from arginine (R) . phenylalanine (F) . tyrosine (Y) and tryptophan 
(W). Most preferred are tryptophan and tyrosine. In the preferred 
embodiment, the original residue for the formation of the protuberance has 
a small side chain volume, such as alanine, asparagine. aspartic acid, 
glycine, serine, threonine or valine. 
25 A -cavity refers to at least one amino acid side chain which is 

recessed from the interface of the second polypeptide and therefore 
accommodates a corresponding protuberance on the adjacent interface of the 
first polypeptide. The cavity may exist in the original interface or may 
be introduced synthetically (e.g. by altering nucleic acid encoding the 
30 interface) . Normally, nucleic acid encoding the interface of the second 
polypeptide is altered to encode the cavity. To achieve this, the nucleic 
acid encoding at least one -original- amino acid residue in the interface 
of the second polypeptide is replaced with miA encoding at least one 
-import- amino acid residue which has a smaller side chain volume than the 
35 original amino acid residue. It will be appreciated that there can be more 
than one original and corresponding import residue. The upper limit for 
the number of original residues which are replaced is the total number of 
residues in the interface of the second polypeptide. The side chain 
volumes of the various amino residues are shown in Table 1 above The 
40 preferred import residues for the formation of a cavity are usually 
naturally occurring amino acid residues and are preferably selected from 
alanine (A) . serine (s) . threonine (T) and valine (V) . Most preferred are 
serine, alanine or threonine. in the preferred embodiment, the original 
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residue for the formation of the protuberance has a large side chain 
volume, such as tyrosine, arginine, phenylalanine or tryptophan. 

A -original" amino acid residue is one which is replaced by an 
"iit^ort" residue which can have a smaller or larger side chain volume than 
5 the original residue. The import amino acid residue can be a naturally 
occurring or non-natural ly occurring amino acid residue, but preferably is 
the former. "Naturally occurring" amino acid residues are those residues 
encoded by the genetic code and listed in Table 1 above. By "non -naturally 
occurring" amino acid residue is meant a residue which is not encoded by 
10 the genetic code, but which is able to covalently bind adjacent amino acid 
residue (s) in the polypeptide chain. Examples of non -naturally occurring 
amino acid residues are norleucine, ornithine, norvaline, homoserine and 
other amino acid residue analogues such as those described in Ellman et 
al., Meth. Enzvm. 202:301-336 (1991), for example. To generate such non- 
15 naturally occurring amino acid residues, the procedures of Noren et al. 
Science 244: 182 (1989) and Ellman et al . ; supra can be used. Briefly, 
this involves chemically activating a suppressor tRNA with a non-naturally 
occurring amino acid residue followed by in vitro transcription and 
translation of the RNA. The method of the instant invention involves 
20 replacing at least one original amino acid residue, but more than one 
original residue can be replaced. Normally, no more than the total residues 
in the interface of the first or second polypeptide will comprise original 
amino acid residues which are replaced. The preferred original residues 
for replacement are "buried". By "buried" is meant that the residue is 
25 essentially inaccessible to solvent. The preferred import residue is ast 
cysteine to prevent possible oxidation or mispairing of disulfide bonds. 

The protuberance is "positionable" in the cavity which means that the 
spatial location of the protuberance and cavity on the interface of the 
first polypeptide and second polypeptide respectively and the sizes of the 
protuberance and cavity are such that the protuberance can be located in 
the cavity without significantly perturbing the normal association of the 
first and second polypeptides at the interface. Since protuberances such 
as Tyr, Phe and Trp do not typically extend perpendicularly from the axis 
of the interface and have preferred conformations, the . alignment of a 
35 protuberance with a corresponding cavity relies on modeling the 
protuberance /cavity pair based upon a three-dimensional structure such as 
that obtained by X-ray crystallography or nuclear magnetic resonance (NMR) . 
This can be achieved using widely accepted techniques in the art. 

By "original nucleic acid" is meant the nucleic acid encoding a 
40 polypeptide of interest which can be "altered" (i.e. genetically engineered 
or mutated) to encode a protuberance or cavity. The original or starting 
nucleic acid may be a naturally occurring nucleic acid or may coct^rise a 
nucleic acid which has been subjected to prior alteration (e.g. a humanized 
antibody . fragment) . By "altering" the nucleic acid is meant that the 
45 original nucleic acid is mutated by inserting, deleting or replacing at 
least one codon encoding an amino acid residue of interest. Normally, a 
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codon encoding an original residue is replaced by a codon encoding an 
in^rt residue. Techniques for genetically modifying a DNA in this manner 
have been reviewed in Mutagenesis; a Praetical Appr>Qar.h m.J. McPherson, 
Ed., (IRL Press, Oxford, UK. (1991), and include site-directed mutagenesis, 
cassette mutagenesis and polymerase chain reaction (PGR) mutagenesis, for 
example . 

The protuberance or cavity can be "introduced" into the interface of 
the first or second polypeptide by synthetic means, e.g. by recombinant 
techniques. In vitro peptide synthesis, those techniques for introducing 
non-naturally occurring amino acid residues previously described^ by 
enzymatic or chemical coupling of peptides or some combination of these 
techniques. According, the prottiberance or cavity which is "introduced" 
is "non-naturally occurring" or "non-native", which means that it does not 
exist in nature or in the original polypeptide (e.g. a humanized 
monoclonal antibody) . 

Preferably the import amino acid residue for forming the protuberance 
has a relatively small number of -rotamers" (e.g. about 3-6) . A "rotomer- 
is an energetically favorable conformation of an amino acid side chain. The 
number of rotomers of the various amino acid residues are reviewed in 
Ponders and Richards, J. Mol . Biol. 193 : 775-791 (1987) . 

"isolated" he teromul timer means heteromul timer which has been 
identified and separated and/or recovered from a component of its natural 
cell culture environment. Contaminant components of its natural 
environment are materials which would interfere with diagnostic or 
therapeutic uses for the heteromul timer, and may include enzymes, hormones, 
and other proteinaceous or nonproteinaceous solutes. In preferred 
embodiments, the heteromul timer will be purified (l) to greater than 95% 
by weight of protein as determined by the Lowry method, and most preferably 
more than 99% by weight, (2) to a degree sufficient to obtain at least 15 
residues of N-terminal or internal amino acid sequence by use of a spinning 
cup sequenator, or (3) to homogeneity by SDS-PAGB under reducing or 
nonreducing conditions using Coomassie blue or, preferably, silver stain. 

The heteromultimers of the present invention are generally purified 
to substantial homogeneity. The phrases "substantially homogeneous", 
"substantially homogeneous form" and "substantial homogeneity" are used to 
indicate that the product is substantially devoid of by-products originated 
from undesired polypeptide coinbinations (e.g. homomultimers) . Expressed 
in terms of purity, substantial homogeneity means that the amount of by- 
products does not exceed 10%, and preferably is below 5%, more preferably 
below 1%, most preferably below 0.5%, wherein the percentages are by 
weight . 

The expression "control sequences" refers to DNA sequences necessary 
for the expression of an operably linked coding sequence in a particular 
host organism. The control sequences that are suitable for prokaryotes, 
for example, include a promoter, optionally an operator sequence, a 
ribosome binding site, and possibly, other as yet poorly understood 
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sequences. Eukaryotic cells are known to utilize promoters, 

polyadenylation signals, and enhancers. 

Nucleic acid is "operably linked" when it is placed into a functional 
relationship with another nucleic acid sequence. For example, DNA for a 
5 presequence or secretory leader is operably linked to DNA for a polypeptide 
if it is expressed as a preprotein that participates in the secretion of 
the polypeptide; a promoter or enhancer is operably linked to a coding 
sequence if it affects the transcription of the sequence; or a ribosome 
binding site is operaibly linked to a coding sequence if it is positioned 

10 so as to facilitate translation. Generally, "operably linked'* means that 
the DNA sequences being linked are contiguous and, in the case of a 
secretory leader, contiguous and in reading phase. However, enhancers do 
not have to be contiguous. Linking is accon^lished by ligation at 
convenient restriction sites. If such sites do not exist, the synthetic 

15 oligonucleotide adaptors or linkers are used in accord with conventional 
practice . 

II, Preparation of the Heteromul timer 

1. Preparation of the Starting Materials 

As a first step, the first and second polypeptide (and any 

20 additional polypeptides forming the heteromul timer) are selected. 
Normally, the nucleic acid encoding these polypeptides needs to be isolated 
so that it can be altered to encode the protuberance or cavity, or both, 
as herein defined. However, the mutations can be introduced using 
synthetic meauis, e.g. by using a peptide synthesizer. Also, in the case 

25 where the import residue is a non- naturally occurring residue, the method 
of Noren et al.. supra is available for making polypeptides having such 
substitutions. Additionally, part of the heteromul timer is suitably made 
recombinantly in cell culture and other part(s) of the molecule are made 
by those technic[ues mentioned above • 

30 Techniques for isolating antibodies and preparing immunoadhesins 

follow. However, it will be appreciated that the heteromul timer can be 
formed from, or incorporate, other polypeptides using techniques which are 
known in the art. For exan^le, nucleic acid encoding a polypeptide of 
interest (e.g. a ligand, receptor or enzyme) can be isolated from a cDNA 

35 library prepared from tissue believed to possess the polypeptide mRNA and 
to express it at a detectable level. Libraries are screened with probes 
(such as antibodies or oligonucleotides of GJC>out 20-80 bases) designed to 
identify the gene of interest or the protein encoded by it . Screening the 
cDNA or genomic library with the selected probe may be conducted using 

40 standard procedures as described in chapters 10-12 of Sambrook et aJ., 
Molecular glopina = A Laboratory Manual (New York: Cold Spring Harbor 
Laboratory Press, 1989) . 
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m Antibody prepara^^nr. 

several technique, for the production of antibodies have been 
described which include the traditional hybridoma o«thod for making 
monoclonal antibodies. recombinant techniques for making antibodies 
5 (including chimeric antibodies, e.g. humanized antibodies), antibody 
production in transgenic animals and the recently described phage display 
technology for preparing "fully human- antibodies. These techniques shall 
be described briefly below. 

Polyclonal antibodies to the antigen of interest generally can be 
10 raxsed In animals by multiple subcutaneous <sc) or intraperitoneal <ip) 
xnjectxons of the antigen and an adjuvant. It may be useful to conjugate 
the antxgen (or a fragment containing the target amino acid sequence) to 
a protein that is immunogenic in the species to be immunized, e.g.. keyhole 
lxn5,et hemocyanm. serum albumin, bovine thyroglobulin, or soybean trypsin 

Tll^TZ. "'"f ' - derlvatlzmg agent. for example 

malexmldobenzoyl sulfosucdnimide ester (conjugation through cystine 
resxdues) . M-hydroxysuccinimide (through lysine residues) , glutaraldehyde 
succinic «a,ydride. SOCl.. or R^N.C-NR. where R and are Afferent a^Tyl 
20 11^'"' i'-unized against the Immunogenic conjugates or 
20 derlvatxves by combining X mg of X ;.g of conjugate (for rabbits or mic! 
respectxvely, with 3 volumes of Freud's complete adjuvant and injecting th^ 
solutxon intradermally at multiple sites. One month later the Lills 
boosted wxth X/5 to X/XO the original amount of conjugate in Preud s 
25 1 . T""' «"t>C"t-eous injection at multiple sites. 7 to 14 

Ttl I "^'^^ — is assayed for antibody 

txter Animals are boosted until the titer plateaus. Preferably, the 
anxmal is boosted with the conjugate of the same antigen, but conjugated 
11 • di««r«xt protein and/or through a different cross-linking reagent, 
conjugates also can be made in recombinant cell culture as protein fusLs 

TZo.sT^^"'"' " "^•'^ - i-^e 

'^"^^^^^^^^ antibodies are obtained from a population of substantially 
homogeneous antibodies using the hybridoma method first described by Kohler 
. mistexn Ksi^ .5.:«5 (X975) or may be made by recombinant DHA method 
H ' ' ''"'"'^ 4,8X6.567). in the hybridoma method a 

mouse or other appropriate host animal, such as hamster, is immun^zld'a; 
herex^ve described to elicit lyn^hocyte. that produce, or .TcIpLie 
Of producing, antxbodies that will specif Ically bind to the protein used 
. ^^LhTT linnphocytes may be immunized in vitro 

^y^hocytes then are fused with myeloma cells using a suitable fusing 
agent, such as polyethylene glycol, to form a hybridoma cell (Godix.« 

x:rr^^rr^^"- ^"^^^^^ PP.SS-XOa^Academi™" 
1986J) The hybridoma cells thus prepared are seeded and grown in a 

For example, xf the parental myeloma cells lack the enzyme hypoxanthine 

•19- 
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guanine phosphoribosyl transferase (HGPRT or HPRT) , the culture medium for 
the hybridoinas typically will include hypoxan thine . aminopterin, and 
thymidine (HAT medium), which substances prevent the growth of HGPRT- 
deficient cells. Preferred myeloma cells are those that fuse efficiently, 
support stable high level expression of antibody by the selected antibody- 
producing cells, and are sensitive to a medium such as HAT medium. Among 
these, preferred myeloma cell lines are murine myeloma lines, such as those 
derived from MOPC-21 and MPC-11 mouse tumors available from the Salic 
institute cell Distribution Center, San Diego. California USA, and SP-2 
cells available from the American Type Culture Collection, Rockville, 
Maryland USA. Human myeloma and mouse-human heteromyeloma cell lines also 
have been described for the production of human monoclonal antibodies 
(Kozbor, .T. Immunol. . 133:3001 [1984]; and Brodeur et al . , Monog^ppal 
AT^Mbodv Production Teehniouep aT,T>li cat ions, pp. 51-63, Marcel Dekker, 

15 inc.. New York, 1987). See, also, Boemer eC al., q, tmrnimgl . , 147(1) :86- 
95 (1991) and WO 91/17769, published Nov 28, 1991, for techniques for the 
production of human monoclonal antibodies. Culture medium in which 
hybridoma cells are growing is assayed for production of monoclonal 
antibodies directed against the antigen of interest. Preferably, the 
20 binding specificity of monoclonal antibodies produced by hybridoma cells 
is determined by imraunoprecipitation or by an in vicro binding assay, such 
as radioimmunoassay (RIA) or enzyme- linked immunoabsorbent assay (ELISA) . 

The binding affinity of the monoclonal antibody can, for exanple, be 
determined by the Scatchard analysis of Munson & Pollard, Anal, pipchem. 
25 107:220 (1980). After hybridoma cells are identified that produce 
antibodies of the desired specificity, affinity, and/or activity, the 
clones may be subcloned by limiting dilution procedures and grown by 
standard methods. Coding, M»«»clonal Antibodies; Principle? an4 practice , 
pp. 59-104 (Academic Press, 1986) . Suitable culture media for this purpose 
include, for example, Dulbecco's Modified Eagle's Medium or RPMI-1640 
medium. In addition, the hybridoma cells may be grown in vivo as ascites 
tumors in an animal . The monoclonal antibodies secreted by the subclones 
are suitably separated from the culture medium, ascites fluid, or serum by 
conventional immunoglobulin purification procedures such as, for example, 
35 protein A-Sepharose, hydroxylapatite chromatography, gel electrophoresis, 
dialysis, or affinity chromatography. 

Alternatively, it is now possible to produce transgenic animals (e.g. 
mice) that are capable, upon inmnmization, of producing a full repertoire 
of human antibodies in the absence of endogenous immunoglobulin production. 
40 For example, it has been described that the homozygous deletion of the 
antibody heavy chain joining region (J.) gene in chimeric and germ-line 
mutant mice results in complete inhibition of endogenous antibody 
production. Transfer of the human germ-line immunoglobulin gene array in 
such germ- line mutant mice will result in the production of human 
45 antibodies upon antigen challenge. See, e.g., Jakobovits et al., P£2£.* 
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3S2:25S-25B (1993) 

In a further embodiment, antibodies or antibody fragments can be 
isolated from antibody phage libraries generated using the techniques 
described in McCafferty et u^^, 348:552-554 (1990). using the 

antigen of interest to select for a suitable antibody or antibody fragment. 
Clackson et aJ.. fiatare. 352:624-628 (1991) and Marks et ai . . j. MoI . 
liaL^ 222:581-597 (1991) describe the isolation of murine anTlZt 
«tibodies. respectively, using phage libraries. Subse<r«ent publications 
describe the production of high affinity (nM range) human antibodies by 
chain shuffling (Mark et al.. p^Q/T^ghnt^V . 10:779-783 tl992j ) , as well as 
combinatorial infection and in vivo recombination as a strategy for 
constructing very large phage libraries (Waterhouse et al.. m^^^Si^ 
MS^. 21:2265-2266 [1993]). Thus, these techniques are viable alternatives 
to traditional monoclonal antibody hybridoma techniques for isolation of 
monoclonal- antibodies (especially human antibodies) which are encomoassed 
by the present invention. 

DMA encoding the antibodies of the invention is readily Isolated and 
pr^\'L"'"' conventional procedures (e.g., by using oligonucleotide 
ZTLIT °' specifically to genes encoding the heavy 

and light chains of murine antibodies). The hybridoma cells of the 
" " P"^*"-'* — -ch T^. once isolated, the DHA 
may be placed into expression vectors, which are then transfected into host 
cells such as simian COS cells. Chinese hamster ovary (CHO) cells or 
rirrtr"" -^^^--i- produce immunoglobulin protein.' to 

cells .1 monoclonal antibodies in the reco„*lna„t host 

cells. The DNA also may be modified, for example, by substituting the 
coding sequence for human heavy and light chain const Jt domains in plac! 

81.6851 (1984). In that manner, "chimeric- antibodies are prepared that 
have the binding specif icitv of an «nH ar,i-i„ , i"reparea tnat 

M^^K^ / *nti-antxgen monoclonal antibody herein, 

art Ten^'i, non-human antibodies are well known in the 

T' . " antibody has one or more amino add residues 

ZT:::tJT ^ ""'^^ ^^^^ non-huma: il 

t^Lltt t T T " "^""'^ "° " residues, which are 

e^enti , ""'^''^ Humanization can be 

essentially performed following the method of winter and co-workers (aones 

U988V' vfT" ""-"^-"^ ^^-^--^ 332:323-327 

ioI!^t'Mr -i.. Ssisass 239:1534-1536 £1988]). by substituting 

Ilt^^ . " -quences for the corresponding sequences of a human 

^^tllv' /"""^''^"f ^' ^^^^^ -humanized- antibodies .re chimeric antibodies 
I^in h' Z ' T ^'^^^-^"-"y than an intact human variable 

s^^ies X the corresponding sequence from a non-human 

species in practice, humanized antibodies are typically human antibodies 
Which some Ct,R residues, and possibly some PR residues, are s^^t^^utld 
by residues from analogous sites in rodent antibodies. it is^^rra:" 
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that antibodies be humanized with retention of high affinity for the 
antigen and other favorable biological properties. To achieve this goal, 
according to a preferred method, humanized antibodies are prepared by a 
process of analysis of the parental sequences and various conceptual 
5 humanized products using three dimensional models of the parental and 
humanized sequences. Three dimensional immunoglobulin models are familiar 
to those skilled in the art. Coii5)uter programs are available which 
illustrate and display probable three-dimensional conformational structures 
of selected candidate immunoglobulin sequences. Inspection of these 

10 displays permits analysis of the likely role of the residues in the 
functioning of the candidate immunoglobulin sequence, i.e.. the analysis 
of residues that influence the ability of the candidate immunoglobulin to 
bind its antigen. In this way, FR residues can be selected and combined 
from the consensus and import sequence so that the desired antibody 

15 characteristic, such as increased affinity for the target antigen (s). is 
achieved. For further details see WO 92/22653. published Dec 23. 1992. 
( ^ p Tmmunoadh esin preparation 

Immunoglobulins (Ig) and certain variants thereof are known and many 
have been prepared in recombinant cell culture. For example, see U.S. 
20 Patent Mo. 4.745,055; BP 256.654; Faulkner et al., ^aSUSS 298:286 (1982); 
EP 120,694; EP 125,023; Morrison, J. Immun. 123:793 (1979); K6hler et al., 
Proc. Natl- Acad. Sei . OSA 77:2197 (1980); Raso et al . , C^eciT Hgg.. 41:2073 
(1981); Morrison et al., »wnr, P^v, Immunol. 2:239 (1984); Morrison, Sgi«fnce 
229:1202 (1985); Morrison et aJ.. P^roe. watl . Acad. Sci. VSA 81:6851 
25 (1984); EP 255,694; EP 266,663; and WO 88/03559. Reasserted immunoglobulin 
chains also are known. See. for example. U.S. Patent No. 4.444.878; WO 
88/03565; and EP 68,763 and references cited therein. 

Chimeras constructed from an adhesin binding domain sequence linked 
to an appropriate immunoglobulin constant domain sequence (immunoadhesins) 
30 are known in the art. immunoadhesins reported in the literature include 
fusions of the T cell receptor (Gascoigne et al., Pypc. N^t> . ft9a<^. spi. 
USA 84:2936-2940 [1987]); CD4 (Capon et al., NSfiJitS 337:525-531 (1989]; 
Traunecker et al . , Nature 339:68-70 [1989]; Zettmeissl et al . , DNA q^i-l 
Biol. OSA 9:347-353 [1990]; and Bym et al., Na£a£e 344:667-670 [1990]); 
35 L-selectin (homing receptor) (Watson ec al., 7. Cfitlt Bifflr 110:2221-2229 
[1990]; and Watson et al.. Nature 349:164-167 [1991]); CD44 (Aruffo et al.. 
Cell 61:1303-1313 [1990]); CD28 and B7 (Linsley et al . , ^. gxp. M^d. 
173:721-730 [1991]); CTLA-4 (Lisley et al., i, — E2£B^^ — Mfid* 174:561-569 
[1991]); CD22 (Stamenkovic et al.. SsH 66:1133-1144 [1991]); TNF receptor 
40 (Ashkenazi et al.. p^q^^- Natl. Acad. Sci. qSA 88:10535-10539 11991]; 
Lesslauer et al.. -t. Immunol. 27:2883-2886 [1991]; and Peppel et al . . 

■T. EXP. Med. 174:1483-1489 (19911); and IgE receptor a (Ridgway and Gorman. 
J- Cell. Biol, vol. lis. Abstract No. 1448 [1991]). 

The 8in5>lest and most straightforward immunoadhesin design combines 
the binding domain(B) of the adhesin (e.g. the extracellular domain [ECD] 
of a receptor) with the hinge and Fc regions of an immunoglobulin heavy 
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»™J"* ■ preparing the innnunoadhesins of the 

present .nvntion. nucleic .cid encoding the binding dentin of the adhesin 

ill^loZ "-^^"^^"^ '° °-^«^<= -^<» -coding the K-terminus of ^ 
S ™sst:r — — are 

retain"^' Tets't f" ''^'^ Polypeptide will 

retain at least functionally active hinge, and C3 don«ins of the 

ir^:V:^'°^ ^ i"-noglobuli„heavy chain. fusions are^lsoMd: 

liohrcLL th' corresponding region of the 

ixght chain. The precise site at which the fusion is made is not critical 

^e'trori^'r^ ^^'^ "^^-^ ^ ^« or"e:to ™ 

the biological activity, secretion, or binding characteristics of the la 
in a preferred embodiment, the adhesin sequence is fused to the N- 

fusTthe ent'r "h '^^'^ °' ^--oglobulin (Xgc,, . xt is possible to 
fuse the entire heavy chain constant region to the adhesirsequence 
However, more preferably, a sequence beginning in the hinge regiotTust 
upstream of the papain cleavage site which defines IgG Pc ch^caliy ( i e 

20 l"" or'aLr"^ ""^ ^^^^'^"^ •^^^^ chain%on,t«.t rX to be 
114) . or «»logous sites of other immunoglobulins is used in the fusion 

c„3 doL^:: Tf rx™^ z^tri ^ ^ - 

which i-h. ^ • ^^^"^ The precise site at 

-..^:,r-^r„^x^^-— ^^^^ 

these assembled immunoglobulins will have Xnown unit struct^es A " "fc 
.^oburs, rgen^air:^-3?s a'^nta^ of Oniric 

.ultimer. each of the four units ^y be the same or :r:;:er Jt ^ 

various exemplary assembled immunoadhesins within the sc««« k • 
are schematically diagrammed below: ^ 

(a) ACi,-AC.,; 

(b) Aq.- lAq.. AC-Aq.. AC-V^. or V,C,-AC;,J ; 

<C) AQ.-Aq.- IA<1-Aq.. ACi-V.C,. V,C,-AQ.. or V,C,-V^.] ; 
'0 (d) Aq.-VA- (AQ,. or ACL-V,C. or V.^-AQ.] ; 

(e) V^C^-ACi- [AQ.-V,Cb, or V^c^-Acy ; and 

(f) (A-vi.-tv^c^-v.<y,. 

wherein each A represents identical or different 

sequences; different adhesxn amino acid 
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V, is an immunoglobulin light chain variable domain- 
V, IS an immunoglobulin heavy chain variable domain.' 
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is an iimmmoglobulin Xight chain constant domain; 
C iB an inaminoglobul in heavy chain constant domain; 
n is an integer greater than l; 

y designates the residue of a covalent cross-linking agent. 
5 in the interests of brevity, the foregoing structures only show key 

features; they do not indicate joining (J) or other domains of the 
i„«u«oglobulins. nor are disulfide bonds shown. However "here such 
domains are required for binding activity, they shall be constructed to be 
present in the ordinary location, which they occupy in the xmmunoglobulxn 

""^^'^iltematively. the adhesin sequences can be inserted between 
i^minoglobulin heavy chain and light chain sequences, such "lat an 
immunoglobulin comprising a chimeric heavy chain is obtained. J^"^^" 
embodiment, the adhesin sequences are fused to the 3' end of an 
IS immunoglobulin heavy chain in each arm of an immunoglobulin, either between 
the hinge and the 0,2 domain, or between the and 0.3 domains. Sxmxlar 
constructs have been reported by Hoogenboom. at al.. ^1. I^^QX- 28:1027- 

X037 (1991) - . . ^ 

Although the presence of an immunoglobulin light chain xs not 
20 required in the immunoadhe.ins of the present invention, an immunoglobulxn 
light chain might be present either covalently associated to an adhesxn- 
immunoglobulin heavy chain fusion polypeptide, or directly fused to the 
adhesin In the former case. DMA encoding an inmwnoglobulin light chain 
is typically coexpressed with the DNA encoding the adhesin- immunoglobulin 
25 heavy chain fusion protein. Upon secretion, the hybrid heavy chain and the 
light chain will be covalently associated to provide an immunoglobulin-like 
structure comprising two disulf ide-linked immunoglobulin heavy chain-light 
chain pairs. Methods suitable for the preparation of such structures are, 
for example, disclosed in U.S. Patent Ho. 4.816,567. issued 28 March 1989. 
30 in a preferred embodiment, the iiwminoerlobulin sequences used m the 

construction of the immunoadhesins of the present invention are from an IgG 
immmoglobulin heavy chain constant domain. For human immunoadhesins. the 
use of human IgG. and IgG, immunoglobulin sequences is preferred. A ma3or 
advantage of using IgG, is that IgG. immunoadhesins can be purified 
35 efficiently on immobilized protein A. In contrast, purification of IgG, 
requires protein G, a significantly less versatile medium. However, other 
structural and functional properties of immunoglobulins should be 
considered when choosing the Ig fusion partner for a particular 
immunoadhesin construction. For example, the IgG, hinge is longer and more 
40 flexible, so it can accommodate larger -adhesin- domains that may not fold 
or function properly when fused to IgG,. Another consideration may be 
valency; IgG immmoadhesins are bivalent homodimers. whereas Ig subtypes 
like IgA and IgM may give rise to dimeric or pentameric structures 
respectively, of the basic Ig homodimer unit. For immunoadhesins designed 
45 for in vivo application, the pharmacokinetic properties and the effector 
functions specified by the Fc region are important as well. Although IgG,. 
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IgG, and igQ. all have in vivo half-lives of 21 daye, their relative 
potencies at activating the complement system are different. igQ. does not 
activate complement, and igG. is significantly weaker at complement 
activatxon than IgG,. Moreover, unlike IgG., igo, does not bind to Pc 
5 receptors on mononuclear cells or neutrophils. While IgG, is optimal for 
complement activation, its in vivo half-life is approximately one third of 
the other Igo isotypes. Another important consideration for immunoadhesins 
designed to be used as human therapeutics is the number of allotypic 
variants of the particular isotype. m general, IgG isotypes with f^er 
XO serologically-definedallotypes are preferred. For U^le"!^ igG. t^s 

four serologically-defined allotypic sites, two of which (Glm and 2, arl 

located xn the Fc region, and one of these sites, Glml, is non- immunogenic. 

in contrast, there are 12 serologically-definedallotypes in IgG3, all of 

^xch are in the Pc region, only three of these sites (G3m5. 11 and 21, 
as have one allotype which is nonimmunogenic . Thus. the potential 

xmmunogenicity of a ,3 immunoadhesin is greater than that ITT yl 

immunoadhesin. 

se™.„'™^°!^"'"° '^^'^ conveniently constructed by fusing the cDNA 

sequence encoding the adhesin portion in-frame to an Ig cDHA seouencr 

ziT '^"''^^ ^ us:r<seen 

Gascoigne et al.. supra, Aruffo et .2., gsll 61:1303-1313 fi950 • a^d 
Stamenkovic et al.. ^ se•.^^.....,, . The latter typl Of f'usi:: 

llZZl X « T'"""' °' regulatory sequences for expression. ^ 
25 IZ^^. ^ heavy-Chain constant regions can be isolated based on 

b^^od 1 T^^"""^ - peripheral 

blood lymphocytes, by hybridization or by polymerase chain reacLn (PC^, 

"'^''^ '^^^ parts Of 

.mmunoadhesxn are inserted in tandem into a plasmid vector ^hat di rects 
efficient expression in the chosen host cells. afreets 

^° ^' generating a Py»MiK eranc;«> ar|H/or cav^ , ^Y 

AS a first step to selecting original residues for formina th. 
protuberance and/or cavity, the three-dimensional structure of Z 

oTtrtr- - 

3S structure, those skilled in the art will be r^e t^o" iT^ti^Thr—c^ 

constalt'd ''"'""^ interface is the C.3 domain of an immunoglobulin 
constat domain. The interface residues of the C,3 domains of IgG. igA 
40 It' identified in Pig. 5. including those wM^h !re 

40 optimal for replacing with Import residues. rHe interface residues If 

^Z'^Z "^-^^"-^ - "Buried- residues ate alio 

identified. The basis for engineering the 0.3 interface is that X-ray 

LTiri T*^'^ demonstrated that the intermolecular associatZ 

*s prctein/protein interaction between 0.3 domains whereas the glycosylated ^.2 
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demiains interact via their carbohydrate (Deisenhofer. pxcfolx^m. 20:2361 
[19811 ) . in aadition there are two inter-heavy chain disulfide bonds whxch 
are efficiently formed during antibody expression in mannnalian cells unless 
the heavy chain is truncated to reinove C„2 and C,3 domains (King et al., 
5 B4««hem. J. 2 81:317 [1992] ) . Thus, heavy chain assembly appears to promote 
disulfide bond formation rather than vice versa. Taken together these 
structural and functional data led to the hypothesis that antibody heavy 
chain association is directed by the C,2 domains. It was further speculated 
that the interface between C»3 domains might be engineered to promote 

10 formation of heteromultimers of different heavy chains and hinder assembly 
of corresponding homomul timers . The experiments described herein 
demonstrated that it was possible to promote the formation of 
heteromultimers over homomultimers using this approach. Thus, it xs 
possible to generate a polypeptide fusion comprising a polypeptide of 

15 interest and the 0.3 domain of an antibody to form a first or second 
polypeptide. The preferred C,3 domain is derived from an IgQ antibody, such 
as an human Ig<3». The interface residues of human IgG, are depicted in Fag. 
7. 

Those interface residues which can potentially constitute candidates 
20 for forming the protuberance or cavity are identified. It is preferable 
to select "buried" residues to be replaced. To determine whether a residue 
is biuried, the surface accessibility program of Lee et al . '7. ^^J,, Bj.pl, 
55: 379-400 (1971) can be used to calculate the solvent accessibility (SA) 
of residues in the interface. Then, the SA for the residues of each of the 

25 first and second polypeptide can be separately calculated after removal of 
the other polypeptide. The difference in SA of each residue between the 
monomer and dimer forms of the interface can then be calculated by: SA 
(dimer) - SA (monomer) . This provides a list of residues which lose SA on 
formation of the dimer. The SA of each residue in the dimer is compared 

30 to the theoretical SA of the same amino acid in the tripeptide Gly-X-Gly. 
where X - the amino acid of interest (Rose et al. Ssisnce 229: 834-B38 
[1985] ) . Residues which (a) lost SA in the dimer compared to the monomer 
and (b) had an SA less than 26% of that in their corresponding tripeptide 
are considered as interface residues. Two categories may be delineated: 

35 those which have an SA < 10% compared to their corresponding tripeptide 
(i.e. "buried") and those which have 25% > SA > 10% compared to their 
corresponding tripeptide (i.e. "partially buried" ) . 



TABU 2 
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Residue No/ 


SA Lost Mono 
Polypeptide 
A 


mer Dimer 

Polypeptide 
B 


% Trip 

Polypeptide 
A 


eptide 1 
Polypeptide j 


Q347 


22.1 


31.0 


25.0 


26.5 


Y349 


79.8 


83.9 


5.2 


5.7 
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67.4 


77.7 


3.9 


2.0 


S354 


53.4 


52.8 


11.3 


11.7 


B357 


43.7 


45.3 


0.4 


1.3 


S364 


21.5 


15.1 


0.5 


1.4 


T3o6 


29.3 


25.8 


0.0 


0.1 


I>368 


25.5 


29.7 


1.0 


1.1 


/u 


55 . 8 


62.3 


11.5 


11.0 


T394 


64 . 0 


58.5 


0.6 


1.4 




50 . 3 


49.5 


13.2 


11.0 


D399 


39. 7 




5 . 7 


5.7 


F405 


53.7 


52.1 


0.0 


0. 0 


Y407 


89.1 


90.3 


0.0 


0.0 


K409 


86.8 


92.3 


0.7 


0.6 


T411 


4.3 


7.5 


12.7 


9.8 



residue numbering as in Igo crystal structure (Deisenhofer. 
Mfi^eisis^sy 20:2361-2370 11981]). 



20 



25 



The effect of replacing residues on the polypeptide chain structure 
can be studied using a molecular graphics modeling program such as the 
Insight™ program (Biosym Technologies). using the program, those 
buried residues in the interface of the first polypeptide which have a 
small side chain volume can be changed to residues having a larger side 
chaan volume (i.e. a protuberance) . for example. Then, the residues in the 
interface of the second polypeptide which are in proximity to the 
protuberance are examined to find a suitable residue for forming the 
cavity. Normally, this residue will have a large side chain volume and is 
replaced with a residue having a smaller side chain volume. m certain 
embodiments. examination of the three-dimensional structure of the 
interface will reveal a suitably positioned and dimensioned protuberance 
on the interface of the first polypeptide or a cavity on the interface of 
30 the second polypeptide. In these instances, it is only necessary to model 
a single mutant, i.e.. with a synthetically introduced protuberance or 
cavxty. 

With respect to selecting potential original residues for replacement 
Where the first and second polypeptide each con^rise a domain, the 

C:.3/q,3 interface of human IgO, involves sixteen residues on each domain 
located on four anti-parallel /J-strands which buries X090 A' from each 
surface (Deisenhof er. supra) and Miller. J.Mol. 216r965 [1990]). See 

Pig. 7 herein. Mutations are preferably targeted to residues located on 
the two central anti-parallel ^-strands. The aim is to minimize the risk 
that the protuberances which are created can be accommodated by protruding 
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into Burro\inding solvent rather than by compensatory cavities in the 
partner C„3 domain. 

Once the preferred original /import residues are identified by 
molecular modeling, the amino acid replacements are introduced into the 
5 polypeptide using techniques which are well known in the art. Normally the 
DNA encoding the polypeptide is genetically engineered using the techniques 
described in Mutaaeneaia; a Pr actical Approach, supra. 

Oligonucleotide-mediated mutagenesis is a preferred method for 
preparing substitution variants of the DNA encoding the first or second 
10 polypeptide. This technique is well known in the art as described by 
Adelman et al., WB^ 2:183 (1983). Briefly, first or second polypeptide 
DNA is altered by hybridizing an oligonucleotide encoding the desired 
mutation to a DNA ten^late, where the template is the single- stranded form 
of a plasmid or bacteriophage containing the unaltered or native DNA 
15 sequence of heteroraultimer . After hybridization, a DNA polymerase is used 
to synthesize an entire second complementary strand of the template that 
will thus incorporate the oligonucleotide primer, and will code for the 
selected alteration in the heteromul timer DNA. 

Cassette mutagenesis can be performed as described Wells et al. Ssae 
20 34:315 U985) by replacing a region of the DNA of interest with a synthetic 
mutant fragment generated by annealing complimentary oligonucleotides . PGR 
mutagenesis is also suitable for making variants of the first or second 
polypeptide DNA. While the following discussion refers to DNA, it is 
understood that the technique also finds application with RNA. The PCR 
25 technique generally refers to the following procedure (see Erlich, gsissss, 
252:1643-1650 (1991], the chapter by R. Higuchi, p. 61-70). 

This invention also encompasses, in addition to the protuberance or 
cavity mutations, amino acid sequence variants of the heteromul timer which 
can be prepared by introducing appropriate nucleotide changes into the 
30 heteromul timer DNA, or by synthesis of the desired heteromul timer 
polypeptide. Such variants include, for exan^le, deletions from, or 
insertions or substitutions of, residues within the amino acid sequences 
of the first and second polypeptides forming the heteromul timer. Any 
combination of deletion, insertion, and substitution is made to arrive at 
35 the final construct, provided that the final construct possesses the 
desired antigen -binding characteristics. The amino acid changes also may 
alter post - trans lational processes of the heteromul timer, such as changing 
the nximber or position of glycosylat ion sites . 

A useful method for identification of certain residues or regions of 
40 the he teronml timer polypeptides that are preferred locations for 
mutagenesis is called "alanine scanning mutagenesis," as described by 
Cunningham and Wells, science , 244:1081-1085 (1989). Here, a residue or 
group of target residues are identified (e.g. charged residues such as arg, 
asp, his, lys, and glu) and replaced by a neutral or negatively charged 
45 amino acid (most preferably alanine or polyalanine) to affect the 
interaction of the amino acids with the surroxanding aqueous environment in 
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Normally the mutations will involve. ^^^^ 
replacements in non- functional regiL oTth^ ^--"-atxve amino acia 
notations are slxown in «.e follow^Talle ^^'^ Hxen^lary 



10 



15 



20 



25 



30 



Original 
Residue 



TABLE 3 

Exemplary 
Substitutions 



arg 



Preferred 
Substitutions 



Gin (Q) 


1 asn 


1 - ser 
J asn 


Glu (E) 


1 ^ap 


J asp 


Gly (G) 


1 pro; ala 


1 ala 


His (H) 


J asn; gin; lys; arcf 




He {!> 


1 leu; val; met; ala; 
1 phe; norleucine 


1 leu 


Leu (L) 


norleucine; ile; 
val; met; ala; phe 


ile 


Lys (K) 


arg; gin; asn 


arg 


Met (M) 


leu; phe; ile 


leu 1 


Phe (P) 


leu; val; ile; ala; 
tyr 


leu 


Pro <P) j 


ala 


ala 


Ser (S) 1 


thr ' j 


thr 1 


Thr (T) [ 


ser 1 


ser 1 


Trp (W) [ 


tyr; phe 1 


tyr I 


Tyr (Y) | 


trp; phe; thr; ser 


phe 1 


Val (V) j 


ile; leu; met; phe; 
ala; norleucine 


leu 1 
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»,.4r,o or the N- or C- terminal residues. Another type 
°^if ication Of the heter«m»ltimer polypeptide included within the scope 
.nodxfxcatxon °* ^^ altering the native glycosylation pattern of 

5 of this invention J^^ or more carbohydrate 

the polypeptide^ original heteromultin^r. and/or adding one or more 

. rvrenryArrr:y^..ng^ 
rrr :;%"t;rc^tr=r^^ or more seri^. 

oe maae y . ^« .-h- orioinal he teromul timer sequence (for o-linKea 

threonine residue, to the original ^^^^^ ^^^^ 3,^ence is 

glycosylation sites) . For ease, then particularly by 

in WO 87/05330 pun ,53.306 (1981) . Removal of carbohydrate moieties 

„onprot.in.c«»«poly~r., polyetw 3 r 4.6.0.B35; 

or poly<»cy.llqrl«».. i» th, ~m,er .« torth x„ 
» 6«9- 4 301. IMi 4,670,417,- 4,791.152 or 4,179,337. 

„ SiL "is ofcn difficult to pr.dict in .av„c. th. o>»r.ot.ri=tics 

Of . ™ U.««»lti~r, it .iU .ppr.ci.ted that ,o™. .o..e.in, of 
r.cov.r.dv„i»t .ill b. »..d.d to ..Lot th. opti«l v...„t. 

L'iio ^r::»t"j:™ ^ r': . di.o....d i„ t.. p..c.di... ..^tio. 
„ ^. - ..oodU t.. ^.o.. i. 
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first polypeptide and seccmd polypeptide in independent expression systems 
and couple the expressed polypeptides in vitro. yscems 
The nucleic acid (e.g.. cDNA or genomic UNA) encoding the 
heteromultimer is inserted into a replicable vector for further cLning 
5 (amplxfication of the SNA) or for expression. Many vectors are available 
The vector components generally include, but are not limited to, one or 
more of the following: a signal sequence, an origin of replication, one 
t^'rTL^Ln^Xr ^ - — . • transcription 

10 The polypeptides of the heteromultimer may be produced as fusion 

polypeptides with a signal sequence or other polypeptide having a specific 

f^rT t'h'* T T ^■'^^^^^^^ °^ P-tein or polypeptide. In 

general, the signal sequence may be a con^nent of the vector, or it may 

15 '^^^ """^ "^^"^^^ ^•-^o- heterologous 

uT tr"?r P-^«-^lV is one that is recognized «xd proc^sed 

(a.e.. cleaved by a signal peptidase) by the host cell. For prokaryotic 

sequence may be substituted by a prokaryotic signal 
sequence selected, for example, from the group of the alkalineThosphatfse 
penxcillinase. 1pp. or heat-stable enterotoxin II leaders. Z yeast 
20 secretion the native signal sequence may be substituted by. e.g.. the ^e^st 
xnvertase leader, alpha factor leader (including JaccJr<^c:s'^ Ld 

5 0X0,182 xssued 23 April 1991), or acid phosphatase leader, the c 
albicans glucoamylase leader (BP 362,179 published 4 April 1990) or the 
« sxgnal described in wo 90/13646 published 15 Kovena,er T990. Xn mallira: 
cell expression the native signal sequence (e.g.. the antibody or adhesi^ 
presequence that normally directs secretion of these molecules from human 
Z^L -^^ " satisfactory, although other mammalian signal sequences 
30 T T " " secretory leaders, for example, the^erpes 

30 s.«^lex gD Signal. The DKA for such precursor region is liglted in reading 
frame to DHA encoding the polypeptides forming the heteromuLimer 

Both expression and cloning vectors contain a nucleic acid sequence 
that ««bies the vector to replicate in one or more selected host Z^s 

origin °' Chromosomal DHA. and includes 

!!!! "P^cation or autonomously replicating sequences. such 

The oragin of replxcat.on from the plasmid pBR322 is suitable for most 
Oram-negative bacteria, the 2, plasmid origin is suitable for yeael 
ZVZ T" VSV or BPV, Z l'sZt 

replillti " """^^^^ Generally, the origin of 

ori T ""^"^'^^ " mammalian expression vectors (the 

^ termedT^^^'T.r'* ''''^"'"^ * selection gene, also 

termed a selectable marker. Typical selection genes encode proteins that 
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(a) confer reBistuce to antibiotics or other toxins, e.g.. ampicillin, 
neUc" methotrexate, or tetracycline, (.) 

dlZienUes. or (c) supply critical nutrients not available from complex 
^dir e". . the gene encoding D-alanine racen«se for Bacilli. One example 
S a s:iec;ion schen« utilizes a drug to arrest growth of a host cell^ 

Those cells that are successfully transformed with a heterologous gene 
produce a protein conferring drug resistance and thus survive the selection 
rigimen. Exan^les of such dominant selection use the drugs neomycin 
(^Lthem et al.. J Mn1ec ^ppl ■ Q.P.t. 1 = 327 tx^82] , . mycophenol.c acxd 
10 (Mulligan et al . , gfiisnse 209:1422 119801) or hygromycn (Sugden at al 
L Zyy. Biol. 5:410-4X3 [1985] ) . The three examples given above employ 
b r cteriil gle; under eulcaryotic control to convey resistance to the 
appropriate drug G418 or neomycin (geneticin) . xgpt (ntycophenolxc acxd) . 

or hygromycin, respectively. ^^n o 

15 Another exau«>le of suitable selectable markers for mammalxan cells 

are those that enable the identification of cells competent to take up the 
beteromultimer nucleic acid, such as DHPR or thymidine kinase . The 
mammalian cell transf ormants are placed under selection pressure 
the transf ormants are uniquely adapted to survive by vxrtue of havxng taken 
20 up the marker. Selection pressure is imposed by ^^^^^''^^^ 

transformants under conditions in which the concentration of selection 
agent in the medium is successively changed, thereby leading to 
amplification o£ both the selection gene «id the DHA that encodes 
h^eromultimer. Increased quantities of heteromul timer are 
25 from the amplified DNA. Other examples of an^lifiable genes xnclude 
metallothionein-I and -II, preferably primate metallothionexn genes, 
adenosine deaminase . ornithine decarboxylase .etc. 

For example, cells transf ormed with the 0HFR selection gene are fxrst 
identified by culturing all of the transf ormants in a culture medium that 
30 contains methotrexate (Mtx) , a competitive antagonist of DHFR An 
appropriate host cell when wild-type DHPR is employed is the Chinese 
hamster ovary (CHO) cell line deficient in DHFR activity prepared and 
propagated as described by Urlaub and Chasin, Pror Wat|. Acf^d, f?c^. y?ft 
77-4216 (1980) . The transformed cells are then exposed to increased levels 
35 of' methotrexate. This leads to the synthesis of multiple copies of the 
DHFR gene, and, concomitantly, multiple copies of other DHA comprxsxng the 
expression vectors, such as the DNA encoding the components of the 
heteromultimer This amplification technique can be used with any otherwxse 
suitable host, e.g., ATCC No. CCI.61 CHO-Kl, notwithstanding the presence 
40 of endogenous DHFR if. for example, a mutant DHFR gene that xs hxghly 
resistant to Mtx is employed (BP 117.060) . ^ . . 

Alternatively, host cells (particularly wild-type hosts that contain 
endogenous DHFR) transformed or co-transformed with DNA sequences encodxng 
heteromultimer. wild-type DHFR protein, and another selectable marker such 
45 as aminoglycoside 3- -phosphotransferase (APH) can be selected by cell 
growth i^ medium containing a selection agent for the selectable marker 
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such a. an aminoglycosidic antibiotic, e.g., kanamycin, neomycin, or 0418. 
See U.S. Patent Ho. 4,965,199. 

A suitable selection gene for use in yeast is the txpl gene present 
in the yeast plasmid YRp7 (stinchcotnb et al.. Nature 282:39 [1979]. 

"^.ITT ^L'^" ^ ■''"^ °' '•''<^»»en,per et al., xo-.xsj 

I1980J ) . The trpx gene provides a selection marker for a mutant strain of 
yeast lacking the ability to grow in tryptophan, for example. ATCC No 
44076 or PEP4-1 (Jones. Q^^stiSS 85:12 [1977]). The presence of the t^i 
lesion in the yeast host cell genome then provides an effective environment 
for detecting transformation by growth in the absence of tryptophan 
Samxlarly. l.eu2-def icient yeast strains (ATCC 20,622 or 38,626) are 
complemented by known plasmids bearing the Z.eu2 gene. 

in addition, vectors derived from the 1.6 circular plasmid pKDi 
can be used for transformation of lC2uyv.r«myees yeasts. Bianchi et al 
15 g^gr, o.n.t 12:185 (1987) . Mor. recently, an expression system for large- 
scale production of recombinant calf chymosin was reported for K l^ctis 
van den Berg. fiiaZlficteaalsay 8:135 (1990). stable multi-copy expression 
vectors for secretion of mature recombinant human serum albumin by 
andustrxal strains of Kiuyveromyces have also been disclosed. Fleer et 
Blo/Teeh^Ti^tr^. o.ogo_«..^ (1991). 

Expression and cloning vectors usually contain a promoter that is 
recognxzed by the host organism and is operably linked to the 
heteromultimer nucleic acid. A large number of promoters recognized by a 
21121 °l cells are well known. These promoters are 

^erably linked to heteromultimer-encoding DNA by removing the promoter 

llTlJ^ """""" ''^ restriction enzyme digestion and inserting the 

isolated promoter sequence into the vector . 

Promoters suitable for use with prokaryotic hosts include the 0- 

[1978]; and ooeddel et ai . . Ha£urg 281:544 [1979]), alkaline phosphatase 
r.^^*""?*" promoter system (Goeddel. Nuclei. B^^OS^ 

[1980] and BP 36.776, and hybrid promoters such as the tac promoter (deBoer 
f ^ : Wgta, f\r,^^, nf?a 80:21-25 [1983]). However, other known 

^liTd ^r^T" '^^'^ nucleotide sec^ences have^ee^ 

M^r^ "^^^^'^^-^^^-^^ <Siebenliet et ai.. ^0:269 [1980], using 

fo^use '"^'^ "^'"'^ restriction sites. Promoter! 

for use .n bacterial systems also will contain a Shine-Dalgamo (S.D.) 
sequence operably linked to the DNA encoding the heteromultimer . 

Promoter sequences are known for eukaryotes. Virtually all 
eukaryotic genes have an AT-rich region located approximately 25 to 30 
bases upstream from the site where transcription is initiated. Another 
s^ence found 70 to 80 bases upstream from the start of transcription of 
many genes is a CXCAAT region where X may be any nucleotide. At the 3' end 
Of most eukaryotic genes is an AATAAA sequence that may be the signal for 
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addition of the poly A tail to the 3- end of the coding sequence. All of 
these sequences are suitably inserted into euJcaryotic expression vectors. 

Examples of suitable promoting sequences for use with yeast hosts 
include the promoters for 3 -phosphoglycerate kinase (Hitzeman et al.. 

5 »Hoi, Chem. 255:2073 [19B03 ) or other glycolytic enzymes (Hess et ^ 
n JZ:.^^. 7:149 119681 ; and Holland, Bioch^m^^try 17:4900 [1978]). 
such as enolase. glyceraldehyde- 3 -phosphate dehydrogenase, hexokxnase. 
pyruvate decarboxylase, phosphofructokinase. glucose- 6 -phosphate isomerase, 
3-pho8phoglycerate mutase, pyruvate kinase, triosephosphate isomerase. 

10 phosphoglucose isomerase, and glucokinase. 

Other yeast promoters, which are inducible promoters having the 
additional advantage of transcription controlled by growth conditions, are 
the promoter regions for alcohol dehydrogenase 2, isocytochrome C. acid 
phosphatase, degradative enzymes associated with nitrogen metabolism, 

15 metallothionein. glyceraldehyde- 3 -phosphate dehydrogenase, and enzymes 
responsible for maltose and galactose utilization. Suitable vectors and 
promoters for use in yeast expression are further described in Hitzeman et 
al.. EP 73,657A. Yeast enhancers also are advantageously used with yeast 

promoters . n • 

20 Heteromultimer transcription from vectors in mammalian host cells is 

controlled, for example, by promoters obtained from the genomes of viruses 
such as polyoma virus, fowlpox virus (UK 2,211.504 published 5 July 1989), 
adenovirus (such as Adenovirus 2> . bovine papilloma virus, avian sarcoma 
virus, cytomegalovirus. a retrovirus. hepatitis-B virus and most preferably 
25 Simian Virus 40 (SV40) , from heterologous mammalian promoters, e.g., the 
actin promoter or an immunoglobulin promoter or from heat -shock promoters. 

The early and late promoters of the SV40 virus are conveniently 
obtained as an SV40 restriction fragment that also contains the SV40 viral 
origin of replication. Fiers et al.. HfitSttS 273:113 (1978); Mulligan and 
30 Berg, Science 209:1422-1427 (1980) ; Pavlakis et al. , 1>rnr Wf>tT • Acad. ?ci . 
ysa 78:7398-7402 (1981). The immediate early promoter of the human 
cytomegalovirus is conveniently obtained as a Hindlll E restriction 
fragment. Greenaway et al.. SSQS 18:355-360 (1982). A system for 
expressing DMA in mammalian hosts using the bovine papilloma virus as a 
35 vector is disclosed in U.S. Patent No! 4.419.446. A modification of this 
system is described in U.S. Patent No. 4,601,978. See also Gray et al.. 
Mature 295- 503-508 (1982) on expressing cDNA encoding immune interferon in 
monkey cells; Reyes et al.. UaS3iXS 297:598-601 (1982) on expression of 
human /8- interferon cDNA in mouse cells under the control of a thymidine 
40 kinase promoter from herpes simplex virus; Canaani and Berg, yyog, Nal^l. 
^ yarf sci. USA 79:5166-5170 (1982) on expression of the human interferon 
pi gene in cultured mouse and rabbit cells; and Gorman et al.. prog. N^^;i . 
iL^,^ fi«i. USA 79:6777-6781 (1982) on expression of bacterial CAT sequences 
in CV-1 monkey kidney cells, chicken embryo fibroblasts, Chinese hamster 
45 ovary cells, HeLa cells, and mouse NIH-3T3 cells using the Rous sarcoma 
virus long terminal repeat as a promoter. 
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^^'»»»°'^iP"on Of DMA encoding the heteromultimer by higher 

il"''*" '""^'^"^ -"^"^ 3e<^ence lnto\he 

^vlno beJT^^'ir'r orientation «d position Independent. 

ii^usjcy ec aJ., Mol . r^T j p^.. 3:1108 [1983]) to the 
a. «11 .. v.thl„ th. ceding ..,^.„. IMIt .t Ji. ^j,, 

°" repletion »SL i 

ExpresBion vectors used in eukaryotic host cells (yeast funoi 

.0 IZZ'^r::.^^^'' ^TT' otheJ^rt'cerXa; 
t^c^T^tlon L / J^'" "^'-^^^ necessary for the termination of 

eu^^yt'c r vr::i lj-:; 

segments transcribed as PoIyaT^iated f^UT^" '^f'" -d-tlde 
« portion Of the «.«..„codl„:eh^h:;e^^^^ untranslated 
11.^ ^''^"""'^^^^^ suitable vectors containing one or more of the above 

to generate the plasmids required. relxgated xn the form desxred 

the ^° -^-^i- — ct sequences in plasmids constructed 

3^446, 21" '° transform E. coll K12 strain 2S4Tatcc 

rl'sTslLT T"'^"^ transformants selected by ampicillin or tetrlcylli^e 
ITelTZ f^^^"^^*'^- "-^<»« the transformants are 

3S l Z^t:Zrrj::.:r^^^^^^^^^ and/or sequenced 

««thod Of Ha^m et a... Ll,^.,^^^^, ^iZ. " ^ 

Particularly useful in the practice of this invention 

ix. axiow for the convenient positive identification 



-35- 



PCTAJS96/01598 

WO 96/27011 

of polypeptides encoded by cloned DHAa. a. well .s for the rapid screening 
of het^olltin«rs having desired binding 

Other methods, vectors, and host cells suitable for -«^-P"-- " 
synthesis of the heteronmltimer in recombinant vertebrate cell culture are 
5 d^cribed in Oething et ai.. 293:«0-625 ^^^'^^ ' 

281:40-46 (1979); Levinson et al . EP 117.060; and EP ^ 
^i^^Llarly useful plasndd for n^n^alian cell °% 3',^, 

heteromultimer is pRKB (EP 307.247) or pSVI6B (PCT pub. no. WO 91/08291 

.0 ^™r:hor rJost ceH ime for the expression of hetero.ulti«.r 
depends mainly on the expression vector. Another consideratxon xs the 
ZZl Of protein that is re.p»ired. Milligran. quantities of t«, can be 
^Z^ced by transient transf actions. For exan^le, the adenovxrus EXA- 
tr^;forn,ed 293 hun«n en^ryonic )cidney cell line can be ^"-^-^^ 
X5 transiently with pKKS-based vectors by a n«.dif ication of 

phosphate method to allow efficient heteromultimer expres.xon. /^^^^Zl 
Sectors can be used to transfect COS cells by the OKZ^-dextran method 
(Aruffo et ai.. £aU 61:1303-1313 [19901 ; and Zettmexssl et al.. 

.OS) 9:347-353 [1990]). If larger amounts of protexn are desxred 
.0 ?;f:;±iahesin can be expressed after stable 

line. For example, a pRK5-based vector can be xntroduced xnto Chxnese 
hamster ovary (CHO) cells in the presence of an additional plasmid encoding 
dihydrofolate reductase (DHFR) and conferring resistance to 04X8. Clones 
resistant to G418 can be selected in culture. These clones are grown xn the 
25 presence of increasing levels of DHFR inhibitor methotrexate and clones are 
sHected in which the number of gene copies encoding the DHFR and 
heteromultimer sequences is co-amplified. If the 

a hydrophobic leader sequence at its H- terminus, it xs l^'^^^V be 
processed and secreted by the transf ected cells. The expressxon of 
30 !mmunoadhesins with more complex structures may require uniquely suxted 
host cells. For example, components such as light chaxn or a chaxn may be 
provided by certain myeloma or hybridoma host cells (Gascoxgne et al.. 
supra; and Martin et al . . .7- V^Kol- 67:3561-3568 [19931 ) . 

Other suitable host cells for cloning or expressxng the vectors 
35 herein are proKaryote. yeast, or other higher euKaryote cells 

above. suitable prolcaryotes for this purpose include eubacterxa. such as 
oram-negative or Gram-positive organisms, for exan^le^ T «I^sIerra" 
such as Hscherichia. e.g.. E. coll. Enterobacter. Br^ima. Klebsxella. 
Proteus, salmonella, e.g.. Salinonella typhimurium. Serratia. e.g., Serratxa 
40 n«rcescans. and Shigella, as well as Bacilli such as B. subtilxs and 

TLlnifor^is (e.g.. B. lichenlf ox^is 41P disclosed in DD 266.710 published 
12 April 1989) , Pseudomonas such as P. aeruginosa, and Streptomyces One 
pre^rredE. coll cloning host is E. coll 294 (ATCC 31.446). although other 
!"l!ns such as E. coli B, E. coil X1776 (ATCC 31,537). and E. coll W3110 
« ^CC 2, 325) are suitable. These examples are illustrative rather than 
limiting. Strain H3110 is a particularly preferred host or parent host 
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because it is a e«nmon host strain for recombinant DNA product 
fermentations. Preferably, the host cell should secrete minimal amounts 
of proteolytic enzymes. For example, strain W3110 may be modified to 
effect a genetic mutation in the genes encoding proteins, with examples of 
such hosts including s. aoli W3110 strain 27C7. The complete genotype of 
27C7 xs tonAA ptr3 phoAAElS (Br^F-laa) 169 oapTA d^P41kaa. Strain 27C7 
was deposited on 30 October 1991 in the American Type Culture Collection 
as ATCC NO. 55,244. Alternatively, the strain of E. coli having mutant 
periplasmic protease disclosed in U.S. Patent No. 4,946,783 issued 7 August 
1990 may be employed. Alternatively, methods of cloning, e.g., pcr or 
other nuclexc acid polymerase reactions, are suitable. 

in addition to prokaryotes. eukaryotic microbes such as filamentous 
fungi or yeast are suitable cloning or expression hosts for heteromultimer- 
encodxng vectors. Saccharomyces cerevisl.e, or common baker's yeast, is 
the most commonly used among lower eukaryotic host microorganisms. 
However a number of other genera, species, and strains are commonly 

Nursi M r """^ " ^chi^osaccharomycespombe (Beach ani 

Nurse, 290:140 C1981] ; BP 139,383 published May 2, 1985)- 

Kiuyveromyces hosts (U.S. Patent No. 4.943.529; Fleer et ai.. s.pra, such 
as. e.g.. jc. iactis (MW9B-8C. CBSSeS, CBS4574; Louvencourt et aj J. 
Sacis^, 737 (1983)], K. f„gHls (ATCC 12,424), K. bulgaricus (ATC^ 
X6,045), wioJc^r^ii (ATCC 24.178), K. waltli (ATCC 56,500), X. 

drosophalarum (ATCC 36,906,- Van den Berg et ai.. supra), K 
25 (^H!?'?'"''' y^rrowia [BP 402.226],- Pichia pastoris 

cLTZ l ' I'T'"^' " ^S,, ^icroM,, 28:265-278 U988] ) ^ 

Cai^dada,- Trachoderma reesia fEP 244,234]; i/eurospoira arassa (case et al 

slZaJll: = ^chwanniomyces such .'s 

Schwannaomyces occidentalis (BP 394.538 published 31 October 1990); and 

91/00357 published 10 January 1991). and Aspergillus hosts such as A 

11983); Txlbum et al., ssss 26:205-221 11983); Yelton et al . . Proc M.^. 
^^^^3^^^^.1:1470-1474 ri984, ) and A. niger (Kelly and HynlT^ 

are det^tlf ^''''N"?^' ^""^ expression of glycosylated heteromul timer 
are derxved from multicellular organisms . Such host cells are capable of 
complex processing and glycosylation activities. In principle, any higher 
eukaryotxc cell culture is workable. whether from vertebrate " 
xnvertebrate culture. Examples of invertebrate cells include plant and 
x^ct cells. Numerous baculoviral strains and variants and corresponding 

(caterpxllar) , Aedes aegypti (mosquito). Aedes albopictus (mos^rto) 
^^osophxla melanogaster (fruitf ly) , and Bombyx mori have been ident^fx^d' 
see, e.g Luckow et al., B49/T^plino]o<Ty 6:47-55 (1988); Miller et al . in 
Sen££iiL£mnee£ing. setlowetal.. eds.. Vol. 8 (Plenum Publishing 19^6) 
PP. 277-279; and Maeda et al.. ^ 315:592-594 (1985). A variety 
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viral strains for transfection are publicly available, e.g.. the L-i 
variant of Autographs califomica NPV and the Bm-S strain of 
NPV. and such viruses may be used as the virus herexn according to the 
present invention, particularly for transfection of Spodoptera frug.perda 

Plant cell cultures of cotton, com. potato, soybean, petunia, 
tomato, and tobacco can be utilized as hosts. Typically, plant cells are 
transfected by incubation with certain strains of the bacterxum 
Agrabact^riun, tuinefaclens. which has been previously manipulated to contaan 
the heteromultimer DHA. During incubation of the plant cell culture wath 
A zvmefaciens. the DNA encoding the heteromultimer is transferred to the 
plant cell host such that it is transfected. and will, under appropriate 
conditions, express the heteromultimer DNA. In addition, regulatory and 
signal sequences compatible with plant cells are available, such as the 
15 nopaline synthase promoter and polyadenylation signal sequences. Depxcker 
et ai.. -T r--- ^ = 561 (19B2). in addition. DNA segments 

isolated from the upstream region of the T-DNA 780 gene are capable of 
activating or increasing transcription levels of plant-expressible genes 
in recombinant DNA- containing plant tissue. EP 321,196 published 21 June 

^'*** The preferred hosts are vertebrate cells, and propagation of 
vertebrate cells in culture (tissue culture) has become a routine procedure 
in recent years (T7>^P"ft CWUWg. Academic Press. Kruse and Patterson, 
editors 11973) ) . Examples of useful mammalian host cell lines are monkey 
25 kidney CVl line transformed by SV40 (COS-7, ATCC CRI, 165X) ; human embryonxc 
kidney line (293 or 293 cells subcloned for growth in suspension culture. 
Graham et al.. - «>r,vlrol. 36:59 [1977] ) ; baby hamster kidney cells (BHK. 
ATCC CCL 10) ; Chinese hamster ovary cells/ -DHFR (CHO. Urlaub and Chasxn, 
Natl. ^-"'^ fi^i- OSA 77:4216 (19801 > ; mouse Sertoli cells (TM4, 
30 Mather. »er.rod. 23:243-251 [19801 ) ; monkey kidney cells (CVX ATCC CCL 

70); African green monkey kidney cells {VERO-76. ATCC CRL-1587) ; human 
cervical carcinoma cells (HEIA. ATCC CCL 2) ; canine kidney cells (MDCK. 
ATCC CCL 34); buffalo rat liver cells (BRL 3A. ATCC CRL 1442); human lung 
cells (W13B. ATCC CCL 75); human liver cells (Hep G2. HB 8065); mouse 
mammary tumor (MKT 060562. ATCC CCL51) ; TRI cells (Mather et al . . Annals 
MV Arad. Sci. 383:44-68 [19821); MRC 5 cells; FS4 cells; and a human 

hepatoma line (Hep G2) . 

Host cells are transfected with the above -described expression or 
cloning vectors of this invention and cultured in conventional nutrient 
media modified as appropriate for inducing promoters, selecting 
transformants. or amplifying the genes encoding the desired sequences. 
Depending on the host cell used, transfection is done using standard 
techniques appropriate to such cells. The calcium treatment employing 
calcium chloride, as described in section 1.82 of Sambrook et al . . supra. 
or electroporation is generally used for prokaryotes or other cells that 
contain substantial cell-wall barriers. Infection with Agrobacteriun, 
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tumefacieas is used for transformation of certain plant cells, as described 
by Shaw ee al.. ggas 23^315 (1983) and WO 89/05859 published 29 June 1989. 
In addition, plants may be transfected using ultrasound treatment as 
described in WO 91/00358 published 10 January I99i. 

For mammalian cells without such cell walls, the calcium phosphate 
precipitation method of Graham and van der Bb, Virolom, 52:456-457 (1978) 
is preferred. General aspects of mammalian cell host system 

transformations have been described by Axel in U.S. Patent No. 4,399 216 
issued 16 August 1983. Transformations into yeast are typically carried 
out according to the method of Van Solingen et al., J. Bact.. X30:946 (1977) 
and Hsiao ec al.. Proc. Natl. Acad, sn.- /ti«^) 76:3829 (1979). However, 
other methods for introducing UNA into cells, such as by nuclear 
microinjection, eleetroporation. bacterial protoplast fusion with intact 
cells, or polycations, e.g.. polybrene. polyomithine. etc.. may also be 
15 used. For various techniques for transforming mammalian cells, see Keown 
" M^^;^ods i,n PnTfVmnloqy (1989). Keown et al.. Methods ir, i^^y ^^^,^, 

185:527-537 (1990), and Mansour et al.. Nature 336:348-352 (1988). 

ProJcaryotic cells used to produce the heteromultimer polypeptide of 
thxs invention are cultured in suitable media as described generally in 
20 Sambroo)c et al., supra. 

The mammalian host cells used to produce the heteromultimer of this 
invention may be cultured in a variety of media. Commercially available 
media such as Ham's FIO (Sigma). Minimal Essential Medium ([MEM]. Sigma) 
RPMX-1640 (Sigma), and Dulbecco's Modified Eagle's Medium ( [dmbm] . Sigma) 
25 are suitable for culturing the host cells. in addition, any of the media 
described in Ham and Wallace, M^tl^, Eng. 58:44 (1979), Barnes and Sato 
f^l. Bjonh>>m 102:255 (1960). U.S. Patent Nos. 4.767.704; 4.657.866- 
4,927,762; or 4.560,655; WO 90/03430; WO 87/00195; U.S. Patent Re. 30,985.' 
or U.S. Patent No. 5.122,469, the disclosures of all of which are 
incorporated herein by reference, may be used as culture media for the host 
cells. Any of these media may be supplemented as necessary with hormones 
and/or other growth factors (such as insulin, transferrin, or epidermal 
growth factor) . salts (such as sodium chloride, calcium, magnesium, and 
phosphate), buffers (such as HEPES) . nucleosides (such as adenosine and 
thymidine), antibiotics (such as Gentamycixf" drug), trace elements (defined 
as inorganic compounds usually present at final concentrations in the 
micromolar range), and glucose or an equivalent energy source. Any other 
necessary supplements may also be included at appropriate concentrations 
that would be icnown to those sJcilled in the art. The culture conditions, 
such as temperature, pH. and the like, are those previously used with the 
host cell selected for expression, and will be apparent to the ordinarily 
skxlled artisan. 

in general, principles, protocols, and practical techniques for 
maxinuzing the productivity of matmnalian cell cultures can be found in 
" M^nimaU^n C^n ?A9tgChn9toqY? ^ Prarrtgal Approach , M. Butler, ed., IRL 
Press, 1991. 
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The host cellB referred to in this disclosure encompass cells in 
culture as well as cells that are within a host animal. 

4. P^^-overv o f t^*-^ Heteromultimer , 

ihe heteromultimer preferably is generally recovered from the culture 
5 medium as a secreted polypeptide, although it also may be recovered f^m 
host cell lysate when directly produced without a secretory signal. If the 
heteromultimer is membrane -bound, it can be released from the membrane 
using a suitable detergent solution (e.g. Triton-X 100) 

When the heteromultimer is produced in a recombinant cell other than 
XO one of human origin, it is completely free of proteins or polypeptides of 
human origin. However, it is necessary to purify the heteromultxmer from 
recombinant cell proteins or polypeptides to obtain preparations that are 
substantially homogeneous as to heteromultimer. As a first step, the 
culture medium or lysate is normally centrifuged to remove particulate cell 

Heterodimers having antibody constant domains can be conveniently 
purified by hydroxylapatite chromatography, gel electrophoresis, dialysis, 
or affinity chromatography, with affinity chromatography being the 
preferred purification technique. Where the heteromultimer comprises a Ch3 
20 domain, the Bakerbond ABX" resin (J- T. Baker, Phillipsburg. NJ) is useful 
for purification. Other techniques for protein purification such as 
fractionation on an ion-exchange column, ethanol precipitation, reverse 
phase HPLC. chromatography on silica, chromatography on heparin Sepharose. 
chromatography on an anion or cation exchange resin (such as a polyaspartic 
25 acid column). chromatof ocusing . SDS-PAGE. and ammonium sulfate 
precipitation are also available depending on the polypeptide to be 
recovered. The suitability of protein A as an affinity ligand depends on 
the species and isotype of the immunoglobulin Fc domain that is used in the 
chimera. Protein A can be used to purify immmoadhesins that are based on 
30 human 7I. 72. or 74 heavy chains (tindraark et aJ., Tn«mmft;^. M?tht 62:1- 
13 [19831 ) Protein G is recommended for all mouse isotypes and for human 
73 (Guss et al.. EMBO J. 5:15671575 11986]). The matrix to which the 
affinity ligand is attached is most often agarose, but other matrices are 
available. Mechanically stable matrices such as controlled pore glass or 
35 poly(styrenedivinyl)benzene allow for faster flow rates and shorter 
processing times than can be achieved with agarose. The conditions for 
binding an immunoadhesin to the protein A or 6 affinity column are dictated 
entirely by the characteristics of the Fc domain; that is, its species and 
isotype. Generally, when the proper ligand is chosen, efficient binding 
40 occurs directly from unconditioned culture fluid. One distinguishing 
feature of immunoadhesins is that, for human 7I molecules, the binding 
capacity for protein A is somewhat diminished relative to an antibody of 
the same Fc type. Bound immunoadhesin can be efficiently eluted either at 
acidic pH (at or above 3.0) . or in a neutral pH buffer containing a mildly 
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chaotropic salt. This affinity chroniatography step can result in a 
heterodimer preparation that is > 95% pure . «P can result xn a 

Pses for the Hftj^j^^ ^omultin^ ^ ^ 

5 cont.™^r ^ applicatioHB for the heteromultlmer are 

For example, the heteromultlmer can be uaed for redirected 
cytotoxxcxty (e.^. to .cill tu«or cells), as a vaccine adjuvant, for 

t^^rTll "^^"^^^^^ ^^^'^ - <»eliverin3 i«™^^otoxi„s To 

tumor cells, for converting enzyme activated prodrugs at a target site 
(e.g. a tumor), for treating infectious diseases or targeting immune 
10 complexes to cell surface receptors. g immune 

.^....TT^'T-^'' formulations of the heteromultimer are prepared for 
storage by mixxng the heteromultimer having the desired degree of purity 
wth optional Physiologically acceptable carriers, e^cipients or 
X5 fxZ,/ ^^"'"^^"^"'" ^^"^^-"^'^-^^^^ .-^rlen ce.. xsth edition. Osol, A., 

'cc;ptiire ca'rri" ^Vophili.ed ca)ce or aeneous solutions 

at the "'"^"^^'^ °' stabilizers are nontoxic to recipients 

Phosnt. """^ concentrations employed, and include buffers such as 

as::rMc acid T' ""^"'^ -"-^<^- including 

ascorbxc acid; low molecular weight (less than about lo residuesf 

hydrophxlxc polymers such as polyvinylpyrrolidone, amino acl J such as 

SsaSarid - lysine; monosaccharides, 

dix'l r ---^^y^-^^s including glucose, mannose. or 

sLact«tI s'«r counterions such as sodium,- and/or nonionic 

surfactants such as Tween, Pluronics or polyethylene glycol (PEG) 

The heteromultimer also may be entrapped in microcapsules prepared 

for exan5>le, by coacervation techniques or by inter£a=i»f P^P*'^®'*. 

(for examnio K.-. , ^ interfacxal polymerization 

3o ^^'^ hydroxymethylcellulose or gelatin-microcapsules and polv- 

30 ^methylmethacylate, microcapsules, respectively, . i„ '0011^^1 IZl 

mlc'r . albumin microspheres 
r^ch t 1""' nanocapsules,, or in macroemulsIIII ' 
Such^ technxques are disclosed in Kemin..»„>, , , 

" steril^ ^ in vivo administration must be 

sterxle xhxs is readily accomplished by filtration through steriH 
fxltratxon membranes, prior to or ■ , sterxle 

reconstitution following lyophilxzation and 

r^!hri heteromultimer ordinarily will be stored in 

lyophxlxzed form or in solution o^-o^rea in 
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routes or by sustained release systems as noted below 

. :rvr 

15 microspheres composed of lactxc acia yxy 
acetate) , and poly-D- 

,iy.o.ic .c. .. - pAiin' 

using appropriate additives, and developing specific p ym 

30 con^ositions . also include 

sustained-release heteromultimer coi»po8Xtxons also rncx 
sustained reie Liposomes containing heteromultxmer 

liposomally entrapped heteromultxmer P et al.. Ero£. 

are oreuared by methods knovin per se: DE :i . . j. , v 

l lr ZZ USA 82:3688-3692 (1985); Hwang et .1 - . Prnr . Acad. 

3S XJI 77-4:30-!o3 4 (X980, ; HP 52.322; BP 36.676; EP BS.046; HP 143.949; 
^^611; Lpanese patent application 83-1X8008; U.S. Patent Nos^ 
EP 142.641. J P 102.324. Ordinarily the liposomes are of 

rri\^:i::r2^::~roms unilamenar ^^Z^:^^ 
content is greater than about 30 mol. % cholesterol, the selected 
content y .^.^ the optimal heteromultimer therapy . 

I^l.«.ti<». ««. t». condition th. patient, '"o'*"';'- "^^^^ ^ 
„.c....ry .or th. therapist to tit.r th. do..,. ^ '^'l'^'"^" 1 
„.c...ary to obtain th. optiml th.r.p.atic .fl.ct. A 

" t^i^l ri "a:.a:.^i,ht r..,. .rc about 1 to »P to 10 or 
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more, depending on the factors mentioned above. Typically, the clinician 
will administer heteromultlmer until a dosage is reached that achieves the 
desired effect. The progress of this therapy is easily monitored by 
conventional assays. 

5 The heteromultimers described herein can also be used in enzyme 

Immunoassays. To achieve this, one arm of the heteromultlmer can be 
designed to bind to a specific epitope on the enzyme so that binding does 
not cause enzyme inhibition, the other arm of the heteromultlmer can be 
designed to bind to the Immobilizing matrix ensuring a high enzyme density 
10 at the desired site. Examples of such diagnostic heteromultimers Include 
those having specificity for igG as well as ferritin, and those having 
binding specificities for horse radish peroxidase (HRP) as well as a 
hormone, for example. 

The heteromultimers can be designed for use in two-site Immunoassays. 
For example, two bispeciflc heteromultimers are produced binding to two 
separate epitopes on the analyte protein - one heteromultlmer binds the 
complex to an insoluble matrix, the other binds an indicator enzyme. 

Heteromultimers can also be used for in vlcro or in vivo 
immunodlagnosis of various diseases such as cancer. To facilitate this 
diagnostic use, one arm of the heteromultlmer can be designed to bind a 
tumor associated antigen and the other arm can bind a detectable marker 
(e.g. a chelator which binds a radionuclide). For example, a 
heteromultlmer having specificities for the tumor associated antigen CKA 
as well as a bivalent hapten can be used for imaging of colorectal and 
25 thryrold carcinomas. other non- therapeutic, diagnostic uses for the 
heteromultlmer will be apparent to the skilled practitioner. 

For diagnostic applications, at least one arm of the heteromultlmer 
typically will be labeled directly or indirectly with a detectable moiety 
The detectable moiety can be any one which Is capable of producing, either 
dxrectly or indirectly, a detectable signal. For example, the detectable 
moxety may be a radioisotope, such as 'H. "c, "P. «s. or a fluorescent 

or chemlluminescent compound. such as fluorescein Isothlocyanate 
rhodamine, or luciferin; or an enzyme, such as alkaline phosphatase, beta- 
galactosldase or horseradish peroxidase (HRP) . 

Any method known in the art for separately conjugating the 
heteromultlmer to the detectable moiety may be employed, including those 
methods described by Hunter ec al., Harare 144:945 (1962); David et al 
BlftghenvLStrV 13:1014 (1974); Pain et al . . J. Inmninr>l m^.-^ 40:219 (1981); 
and Nygren. J. Histochem. and ry«-»<r>^^., , 30:407 (1982) . 

The heteromultimers of the present invention may be employed in any 
known assay method, such as competitive binding assays, direct and indirect 
sandwich assays, and immunoprecipitation assays. Zola, Monoclonal 
Afftfl?9dieB; >V Manual of TertmlmieB , pp. 147-158 (CRC Press, Inc.. 1987) . 

Competitive binding assays rely on the ability of a labeled standard 
to compete with the test san^le analyte for binding with a limited amount 
of heteromultlmer. The amount of analyte In the test sample Is Inversely 
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proportional to the amount of standard that becomes bound to 
heteromultimer. To facilitate determining the amount of standard that 
becomes bound, the heteromul timers generally are insolubilxzed before or 
after the competition, so that the standard and analyte that are bound to 
5 the heteromultimers may conveniently be separated from the standard and 

analyte which remain unbound. 

The heteromultimers are particularly useful for sandwich assays whxch 
involve the use of two molecules, each capable of binding to a different 
immunogenic portion, or epitope, of the sample to be detected. in a 
10 sandwich assay, the test sample analyte is bound by a fxrst arm of the 
heteromultimer which is immobilized on a solid support, and thereafter a 
second arm of the heteromultimer binds to the analyte. thus forming an 
insoluble three part complex. See. e.g., us Pat No. 4.376.110. The second 
arm of the heteromultimer may itself be labeled with a detectable moxety 

15 (direct sandwich assays) or may be measured using an anti- immunoglobulin 
antibody that is labeled with a detectable moiety {indirect sandwich 
assay). For example, one type of sandwich assay is an EI>ISA assay, m 
which case the detectable moiety is an enzyme . 

Below are examples of specific embodiments for carrying out the 

20 present invention. The examples are offered for illustrative purposes 
only, and are not intended to limit the scope of the present invention m 
any way. 

All publications, patents and patent applications cited herein, 
whether supra or infra, are hereby incorporated by reference in their 
25 entirety. 

EXAMPLES 

The Ch3 interface between the humanized anti-CD3/CD4-lgG chimera 
. previously described by Chamow ec al . J. fmrnuno^ , 153:4268 (1994) was 
engineered to maximize the percentage of heteromultimers which could be 
30 recovered. Protuberance-into-cavity and wild- type 0,3 variants were 
compared in their ability to direct the formation of a humanized antibody- 
immunoadhesin chimera (Ab/Ia) anti-CD3/CD4-IgQ. 

Thus, mutations were constructed in the 0.3 domain of the humanized 
anti-CD3 antibody heavy chain and in CD4-IgG by site-directed mutagenesis 
35 using mismatched oligonucleotides (Kun)cel et al., Methods Enzywol. 154= 
367 119B71 and P. Carter, in Mutagenesis.- a Practical Approach. M. J. 
McPherson. Ed.. IRI. Press. Oxford. UK. pp. 1-25 (1991)) and verified by 
dideoxynucleotide sequencing (Sanger et al.. Proc. Natl. Acad. Sci. USA 74: 
5463 (19771) . See Table 4 below and Fig. 7 herein. 
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1 MoB^ Prefer 
1 Cb3 of anti-CD3 


red MutantiB 1 
CU3 of CD4-ZgG 1 


1 T366Y 


Y407T 1 
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T366W 


Y407A 


F405A 


T394W 


y407T 


T366Y 


T366Y:F405A 


T394W:Y407T 


T366W:P405W 


T394S:Y407A 


F405W:Y407A 


T366W:T394S 




1 Pref erx^d Mutants | 


P4 05W 


T394S 1 



Residue T366 is within hydrogen-bonding distance of residue Y4 07 on 
the partner C,3 domain. Indeed the principal intermolecular contact to 
residue T366 is to residue Y407 and vice versa. One protuberance -into - 
cavity pair was created by inverting these residues with the reciprocal 
mutations of T366Y in one C,3 domain and Y407T in the partner domain thus 
maintaining the volume of side chains at the interface (Fig. 9) . Mutations 
are denoted by the wild-type residue followed by the position using the 
Kabat numbering system (Kabat et al.. Sequences of Proteins of 
Immunological Interest, National Institutes of Health, Bethesda, MD, ed. 
5, [19911) and then the replacement residue in single-letter code. 
Multiple mutations are denoted by listing component single mutations 
separated by a colon. 

Phagemids encoding anti-CD3 light (1.) and heavy (H) chain variants 
{Shalaby et aJ., Exp. Med. 175: 217 [1992] and Rodrigues et aJ., Xnt. 
J. Cancer (Suppl.) 7: 45 [1992]) were co- trans fee ted into human embryonic 
kidney cells, 293S, together with a CD4.IgG variant encoding phagemid (Bym 
et al., Nature 344: 667 [1990J ) as previously described (Chamow et aJ., j. 
Immunol. 153: 4268 [1994]). The procedure is illustrated in Fig. 8 herein. 
The total amount of transf ected phagemid DNAs was fixed whereas the ratio 
of different DKAs was varied to maximize the yield of Ab/Ia chimera. The 
ratio (by mass) of la : R chain : L chain input DNAs (xs fig total) was 
varied as follows: 8:1:3; 7:1:3; 6:1:3; 5:1:3; 4:1:3; 3:1:3; 1:0:0; 0:1:3. 

The products were affinity purified using Staphylococcal protein A 
(ProSep A, BioProcessing Ltd, UK) prior to analysis by SDS -PAGE followed 
by scanning LASER densitometry (Pigs. lOA-lOB) . Excess L over H chain DNA 
was used to avoid the L chain from being limiting. The identity of 
products was verified by elect roblot ting on to PVDP membrane (Matsudaira, 
J. Biol. Cbem. 262: 10035 [1987]) followed by amino terminal sequencing! 

Co- transf action of phagemids for L chain together with those for H 
chain and la incorporating wild-type 0^3 resulted in a mixture of Ab/Ia 
chimera, igG and la homodimer products as expected (Chamow et a J . , j^, 
Immunol. 153: 4268 [1994]). See Pig. lOA. The larger the fraction of 
input DNA encoding antibody H plus L chains or la the higher the fraction 
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of corresponding homodimers recovered. »n input DNA ratio of 6:1:3 of 
Ia:H:I. yielded 54.5 % Ab/Ia chimera with similar fractions of la homoditner 
(22 S %) and IgO (23.0 %) . These ratios are in good agreement with those 
expected from equimolar expression of each chain followed by random 
5 assortment of H chains with no bias being introduced by the method of 
analysis: 50 % Ab/Ia chimera. 25 % la homodimer and 25 % IgG. 

in contrast to chains containing wild-type Ch3, Ab/la chimera was 
recovered in yields of up to 92 % from eotransfections in which the anti- 
CD3 H chain and CD4-IgG la contained the y407T cavity and T366Y 
10 protuberance mutations, respectively (Fig. lOB) . similar yields of Ab/Ia 
chimera were obtained if these reciprocal mutations were installed with the 
protuberance on the H chain and the cavity in the la (Fig. IOC) . In both 
cases monomer was observed for the chain containing the protuberance but 
not the cavity. Without being limited to any one theory, it is believed 
15 that the T366Y protuberance is more disruptive to homodimer formation than 
the y407T cavity. The fraction of Ab/Ia hybrid was not significantly 
changed by increasing the size of both protuberance and cavity (Ab T366W, 
la y407A) . A second protuberance and cavity pair (Ab F405A, la T394W> 
yielded up to 71 % Ab/Ia chimera using a small fraction of la input DNA to 
20 offset the unanticipated proclivity of the la T394W protuberance variant 
to homodimerize (Fig. lOD) . Combining the two independent protuberance - 
into-cavity nnitant pairs (Ab T366y:F405A, la T394W:y407T) did not improve 
the yield of Ab/Ia hybrid over the Ab T366y, la y407T pair (compare Pig. 
IOC and lOE) . 

25 The fraction of Ab/la chimera obtained with T366y and y407T mutant 

pair was virtually independent of the ratio of input DMAs over the range 
tested. Furthermore the contaminating species were readily removed from 
the Ab/la chimera by ion exchange chromatography (0-300 mM NaCl in 20 mM 
Tris-HCl . pH8.0) on a mono S HR 5/5 column (Pharmacia. Piscataway, NJ) . 
30 This augurs well for the preparation of larger quantities Ab/Ia chimeras 
using stable cell lines vrtiere the relative expression levels of Ab and la 
are less readily manipulated than in the transient expression system. 

The protuberance-into-cavitymutations identified are anticipated to 
increase the potential applications of Fc-containing BsAb by reducing the 

35 con5»lexity of the mixture of products obtained from a possible ten major 
species (Suresh et al.. Methods Enzymol. 121: 210 [1990]) down to four or 
less. It is expected that the T366y and y407T mutant pair will be useful 
for generating heteromultimers of other human IgG iaotypes since T366 and 
Y407 are fully conserved and other residues at the C,3 domain interface of 

40 IgG, are highly conserved (see Fig. 6 herein) . 
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SEQUENCE liZSTING 
(1) GENERAL INFORMATION: 

(i) APPLICANT: Genentech, Inc. 

<ii) TITLE OP INVENTION: A METHOD FOR MAKING HETERCMTOLTIMERIC 

POLYPEPTIDES 

(ill) NUMBER OF SEQUENCES: 16 

(iv) CORRESPONDENCE ADDRESS : 

(A) ADDRESSEE: Genentech, Inc. 

(B) STREET: 460 Point San Bruno Blvd 

(C) CITY: South San Francisco 

(D) STATE: California 

(E) COUNTRY: USA 

(F) ZIP: 94080 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: 3.5 inch, 720 iCb floppy disk 

(B) COMPUTER: IBM PC coinpatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 
(D> SOFTWARE: WinPatin (Genentech) 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 05-Feb-1996 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/399106 

(B) FILING DATE: 01 -MAR- 1995 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Lee, Wendy M. 

(B) REGISTRATION NUMBER : 00,000 

(C) REFERENCE/DOCKET NUMBER: P0927PCT 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TEI.EPHONE: 415/225-1994 

(B) TELEFAX: 415/952-9881 
CC) TELEX: 910/371-7168 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 108 amino acids 

(B) TYPE: Amino Acid 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Aro 
3*5 350 

Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lvs 

360 365 ^370 

Gly Phe Tyr Pro Ser Asp He Ala Val Glu Trp Glu Ser Asn Asd 
375 380 3*85 

Gly Glx Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Aso 
32^0 395 400 

Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys 

405 410 415 



Ser Arg Trp Gin Gin Gly Asn Val Phe Ser cys Ser Val Met His 

420 *25 430 

Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu ser Leu Ser 

A-IC 440 



Pro Gly Lys 

448 

(2) INFORMATION FOR SEQ ID NO: 2: 

( i ) SEQUENCE CHARACTERISTICS : 

(A) I«ENGTH: 108 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg 
341 345 350 355 

Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys 
360 365 

Gly Phe Tyr Pro Ser Asp He Ala Val Glu Trp Glu Ser Asn Asp 
' 375 380 

Gly Glx Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp 
390 395 

Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys 

---- 410 4iD 



405 



Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His 
420 *25 

Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser 
435 440 

Pro Gly Lys 
448 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 108 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg 
341 345 350 

Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys 
360 365 

Gly Phe Tyr Pro Ser Asp He Ala Val Glu Trp Glu Ser Asn Asp 
^ 375 380 

Gly Glx Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp 

390 395 *ui/ 

Ser Asp Gly Ser Phe Phe Leu Tyr Ser Arg^Leu Thr Val Asp Lys^^ 



405 

ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His 
420 425 
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Glu Ala Leu His Asn His Tyr Thr Gin Lya Ser Leu Ser Leu Ser 
435 

Pro Gly Lys 
448 

(2) ZNFORMATZ(»f FOR SEQ ID NO:4: 

(i) SEQTJBHCB CHARACTERISTICS: 

(A) LENGTH: 113 amino acids 

(B) TYPE : Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Gly Asn Thr Phe Arg Pro Gin Val His Leu Leu Pro Pro Pro Ser 
345 

Glu Glu Leu Ala Leu Glx Leu Val Thr Leu Thr Cya Leu Ala 
360 3^^, 

Arg Gly Phe Ser Pro Lys Asp Val Leu Val Arg Trp Leu Gin Gly 

380 3^5 

Ser Gin Glu Leu P^^^Arg Glu Lys Tyr Leu^Thr Trp Ala Ser Arg 



400 



Gin Glx Pro Ser Gin Giy x^r Thr Thr Phe Ala Val Thr Ser He 
*05 410 415 

Leu Arg Val Ala Ala Glu Asp Trp Lys Lys Gly Asp Thr Phe Ser 
«0 425 430 

Cys Met val Gly lUs Glu Ala Leu Pro Leu Ala Phe Thr Oln Lys 

•35 44X) 445 

Thr He Asp Arg Leu Ala Gly Lys 

450 453 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 107 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Gin Ala Pro Val Lys Leu Ser Leu Asn l^u^Leu Ala Ser Ser Asp 

Pro Pro Glu Ala JOa Ser Trp Leu Leu Cys Glu Val Ser Gly Phe 
360 365 ' 370 



Ser Pro Pro Asn He Leu Leu Met Trp Leu Glu Asp Gin Arg Glu 

380 385 
val Asn Thr Ser Gly^ Phe Ala Pro Ala Arg Pro Pro Pro Gin Pro 

Gly ser Thr Thr Phe Trp Ala Trp Ser Val Leu Arg Val Pro Ala 
405 410 415 

Pro Pro ser Pro Gin Pro Ala Thr Tyr Thr^Cys Val val Ser His 
Glu ASP ser Arg Thr Leu Leu Asn Ala Ser Arg Ser Leu Glu Val 

4 jk A r\ 



440 445 
49- 
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Ser Tyr 
447 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 110 amino acids 

(B) T^E: Amino Acid 
(D) TOPOIiOGY: Linear 

(3ci> SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
Gly Pro Arg Ala Ala Pro Glu Val Tyr Ala Phe Ala Thr Pro Glu ^ 
341 

Xrp pro Gly Ser Arg Asp Lys Arg Thr Leu Ala Cys Leu He Gin ^ 

360 365 

Asn Phe Met Pro G^lu Asp He Ser Val Gln^Trp Leu His Asn Glu^^ 

val Gin Leu Pro Asp Ala Arg His Ser Thr Thr Gin Pro Arg Lys 
390 395 

25 Thr Lys Gly Ser Gly Phe Phe Val Phe Ser Arg Leu Glu Val Thr ^ 



10 



15 



20 



405 



Arg Ala Glu Trp Glu Gin Lys Asp Glu P^e He Cys Arg Ala Val ^ 



420 



30 



35 



His Glu Ala Ala Ser Pro Ser Gin Thr Val Gin Arg Ala Val Ser 

435 440 -m-M^ 

Val Asn Pro Gly Lys 
450 

(2) INFORMATION FOR SEQ ID NO:7: 

( i ) SEQUENCE CHARACTERISTICS : 
40 (A) LENGTH: 106 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 7: 

ASP Glx Asx Thr Ala He Arg Val Phe Ala He Pro Pro Ser Phe 
342 345 

Ala ser He Phe Leu Thr Lys Ser Thr Lys Leu Thr Cys Leu Val 
360 

Thr ASP Leu Thr Thr Tyr Asx Ser val^Thr He Ser Trp Thr Arg 
55 Glx ASP Gly Glu Ala val Lys Thr Hisjhr Asx He Ser Glx Ser 



45 



50 



60 



His pro ASX Ala Thr Phe Ser Ala Val Gly Glu Ala Ser He Cys 
405 

Glu ASX ASX Trp Asx Ser Gly Glu Arg Phe Thr Cys Thr Val Thr 



420 



His Thr ASP Leu Pro Ser Pro Leu Lys Gin Thr He Ser Arg Pro 



65 ' 435 4" 

Lys 
447 
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(2) IKFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS : 

(A) iiENGTH: 108 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Oly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Ara 
361 365 370 375 

Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys 

3B0 385 390 

Gly Phe Tyr Pro Ser Asp He Ala Val Glu Trp Glu Ser Asx Asp 

395 400 405 



Gly Glx Pro Glx Asx Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp 
20 410 415 420 

Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lvs 

425 430 435 

25 Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His 

440 445 450 

Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser 

^55 460 465 

Pro Gly Lys 
468 

(2) INFORMATION FOR SEQ ID NO: 9: 

<i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 107 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Aro 
361 365 370 375 

Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys 

380 385 390 

Gly Phe Tyr Pro Ser Asp He Ala Val Glu Trp Glu Ser Asn Gly 
5" 395 400 405 

Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser 

410 415 420 

55 Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser 

425 430 435 

Arg Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu 
440 445 45Q 

Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro 

455 460 465 

Gly Lys 
65 467 

(2) INFORMATION FOR SEQ ID NO:10: 
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(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 107 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 10: 

Oly Gin Pro Arg Qlx Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg 
361 365 370 375 

Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys 

380 385 390 

Gly Phe Tyr Pro Ser Asp lie Ala Val Glu Trp Glu Ser Ser Gly 
395 400 *05 

Gin Pro Glu Asn Asn Tyr Asn Thr Thr Pro Pro Met Leu Asp Ser 

410 415 420 

Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser 

425 430 435 

Arq Trp Gin Gin Gly Asn He Phe Ser Cys Ser Val Met His Glu 
^ 440 445 450 

Ala Leu His Asn Arg Phe Thr Gin Lys Ser Leu Ser Leu Ser Pro 

455 460 465 

Gly Lys 
467 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQtJENCE CHARACTERISTICS : 

(A) LENGTH: 107 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Glv Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Gin 
361 365 370 375 

Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys 

380 385 390 

Glv Phe Tyr Pro Ser Asp lie Ala Val Glu Trp Glx Ser Asn Gly 
' 395 400 405 

Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser 

410 415 420 

Asp Gly Ser Phe Phe Leu Tyr Ser Arg Leu Thr Val Asp Lys Ser 
*^ 425 430 435 

Arg Trp Gin Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu 

440 445 450 

Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Leu 
455 460 465 

Gly Lys 
467 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 107 amino acids 

-52- 
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(B) TYPE: Amino Acid 
CD) TOPOIOGY: Linear 

^ <xi) SBQDKNCB DESCRIPTION: SEQ ID NO: 12: 

Oly Arg Pro I,ys ^^a Pro Gin Val Tyr Thx^ile Pro Pro Pro Lye 

10 ""^^ ''^'^ ^//n'^P "-^^ Cys Met He Thr 

380 

ASP Phe Phe Pro Glu Aap ^^^^ ^ 
355 400 

Gin Pro Ala Glu Tyr Lys Asn Thr Gln^Pro He Met Asx Thr 



15 



415 



420 



ASX Gly ser Tyr Phe Val Tyr Ser Lys Leu Asn Val Gin Lys Ser 
20 " "0 435 

Asn Trp Glu Ala Gly Asn Ttor Phe Thr Cys Ser Val Leu His Glu 

450 

25 "/s* «1» l-y^ S|r^X.eu Ser His Ser Pro 

Gly Lys 
467 

30 (2) INFORMATION FOR SEQ ID NO:13: 

(i) SEQUENCE C3JARACTERISTICS • 
(A) LENGTH: 107 amino acids 
<B) TYPE: Amino Acid 
35 (D) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Gly Pro val Arg Ala Pro Gin Val Tyr Val Leu Pro Pro Pro Ala 

370 375 

Glu Glu Met Thr Lys Lys Glx Phe Ser Leu Thr Cys Met He Thr 

385 290 
Gly Phe Leu Pro ^a^ Glu He Ala Val Glu Trp Thr Ser Asn Gly 

400 405 
Arg Thr Glu Gin A^n Tyr Lys Asn Thr Ala Thr Val Leu Asp Ser 
50 ^15 420 

Asp Gly Ser Tyr Phe Met Tyr Ser Lys Leu Arg Val Glx Lys Ser 

^30 435 

55 ^4^0^^^ ^« ser Val Val His Glu 

^45 45Q 

Gly Leu His Asn H^s^ Leu Thr Thr Lys Thr Phe Ser Arg Ser Leu 

465 

60 Gly Lys 
467 

(2) INFORMATION FOR SEQ ID NO: 14: 

65 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 107 amino acids 

(B) TYPE: Amino Acid 
<D} TOPOLOGY: Linear 



40 



45 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
Gly l-eu val Arg Ala Pro Gin Val Tyr Thr^Ueu Pro Pro Pro Ala ^ 
361 

Glu am Ser JUrg Lys Asp Val Ser l^eu^Thr Cye Leu Val Val^^ 
Gly Phe Asn Pro Gly Asp He Ser Val Glu^Trp Thr Ser Asn Gly ^ 



395 

His Thr Glu Glu Asn Tyr Lys Asx Thr Ala Pro Val X,eu Asp Ser ^ 
410 

.5 ASP Gly ser Tyr Phe He Tyr Ser Lys Leu^Asn Met Lys Thr Ser ^ 

425 

Lys Trp Glu Lys Thr Asp Ser Phe Ser Cys^Asn Val Arg His Glu ^ 

Gly Leu Lys Asn Tyr Tyr Leu Lys Lys Thr He Ser Arg Ser Pro ^ 
455 



20 



Gly i*ys 

25 467 

(2 ) INFORMATION FOR SEQ ID NO : 15 : 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 107 amino aciQS 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 



35 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
Gly Arg Ala Gin Thr Pro Gin Val Tyr Thr^He Pro Pro Pro Arg ^ 
361 



40 



Glu Gin Met ser Lys Lys Lys Val Ser Leu Thr Cys Leu Val Thr ^ 
380 

Asn Phe Phe Ser Glu Ala He Ser Val Glu Trp Glu Arg Asn Gly ^ 
395 

« Glu Leu Glu Gin ASP Tyr Lys Asn Thr Pro Pro He Leu Asp Ser ^ 

410 

ASP Gly Thr Tyr Phe Leu Tyr Ser Lys Leu^Thr Val Asp Thr Asp ^ 

^° ser Trp Leu Gin Gly Glu He Phe Thr Cys Ser Val Val His Glu ^ 

440 



Ala Leu His Asn His His Thr Gin Lys Asn^Leu Ser Arg Ser Pro ^ 
455 



55 



Gly Lys 
467 



60 (2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 29 amino acids 

(B) TYPE: Amino Acid 
gg (D) TOPOLOGY: Linear 
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(Xi) SBQUENCB DESCRIPTION: SEQ ID NO: 16: 
Lys Asp Olu Phe He Cys Arg Ala Val His Glu Ala Ala Ser Pro 

Ser Gin Thr Val Gin Arg Ala Val Ser Val Asn Pro Gly Lys 

475 479 
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dAZMS: 



10 



15 



20 



25 



1 A method of preparing a heteromultimer comprising a first 
polypeptide and a second polypeptide which H«et at an interface, wherexn 
the interface of the first polypeptide comprises a protuberance w^-^^ as 
positionable in a cavity in the interface of the second polypeptide, the 

method coitqprising the steps of: ^ .->,« fi^at 

(a) culturing a host cell comprising nuclexc acid encoding the first 
polypeptide and second polypeptide, wherein the nucleic acid encoding the 
first polypeptide has been altered from the original nucleic acid to encode 
the protuberance or the nucleic acid encoding the second polypeptide has 
been altered from the original nucleic acid to encode the cavity, or both, 
and wherein the culturing is such that the nucleic acid is expressed; and 

(b) recovering the heteromultimer from the host cell culture. 

2 The method of claim 1 wherein the nucleic acid encoding the first 
polypeptide has been altered from the original nucleic acid to encode the 
protuberance and the nucleic acid encoding the second polypeptide has been 
altered from the original nucleic acid to encode the cavity. 

3 The method of claim 1 wherein step (a) is preceded by a step 
wherein nucleic acid encoding an original residue from the interface of the 
first polypeptide is replaced with nucleic acid encoding an import residue 
having a larger side chain volume than the original residue. 

4. The method of claim 3 wherein the import residue is arginine (R) . 

5 . The method of claim 3 wherein the import residue is phenylalanine 



30 



35 



(F> . 



7. 



The method of claim 3 wherein the import residue is tyrosine (Y) . 
The method of claim 3 wherein the import residue is tryptophan 



<W) . 



40 



45 



8 The method of claim a wherein step (a) is preceded by a step 
wherein nucleic acid encoding an original residue in the interface of the 
second polypeptide is replaced with nucleic acid encoding an import residue 
having a smaller side chain volume than the original residue. 

9. The method of claim 8 wherein the import residue is not cysteine 

(C) . 

10. The method of claim 6 wherein the import residue is alanine (A) . 

11. The method of claim 8 wherein the import residue is serine (S) . 
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20 



12. The method of claim 8 wherein the in^ort residue is threonine 

(T) . 

13. The method of claim 8 wherein the import residue is valine (V) . 

5 

14. The method of claim l wherein the first and second polypeptide 
each con^rise an antibody constant domain. 

15 . The method of claim 14 wherein the antibody constant domain is 
10 a Cb3 domain. 

16. The method of claim 15 wherein the antibody constant domain is 
from an IgG. 

method of claim 16 wherein the IgG is human IgG^. 

18. The method of claim 1 wherein the heteromul timer is a bispecific 
antibody. 

19. The method of claim i wherein the heteromul timer is a bispecific 
immunoadhesin . 

20. The method of claim l wherein the heteromultimer is an antibody, 
immunoadhesin chimera . 

21. The method of claim 3 wherein one original residue from the 
first polypeptide has been replaced with an import residue . 

22. The method of claim 8 wherein one original residue from the 
0 second polypeptide has been replaced with an import residue. 

23. The method of claim 1 wherein step (a) is preceded by a step 
wherein the nucleic acid encoding the first and second polypeptide is 
introduced into the host cell . 

5 

24. A heteromultimer prepared by the method of claim i. 

25. A heteromultimer coii5)rising a first polypeptide and a second 
polypeptide which meet at an interface, wherein the interface of the first 

0 polypeptide comprises a protuberance which is positionable in a cavity in 
the interface of the second polypeptide, and wherein the protuberance or 
cavity, or both, have been introduced into the interface of the first and 
second polypeptides respectively. 



25 
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26. The heteromultimer of claim 25 wherein the protuberance and 
cavity have been introduced into the interface of the first and second 
polypeptides respectively. 

27. The heteromultimer of claim 26 wherein the protuberance and 
cavity each comprise a naturally occurring amino acid residue. 

28. A composition comprising the heteromultimer of claim 25 and a 
pharmaceutically acceptable carrier. 

29. A host cell comprising nucleic acid encoding the heteromultimer 
of claim 25. 

30. The host cell of claim 29 wherein the nucleic acid encoding the 
first polypeptide and the nucleic acid encoding the second polypeptide are 
present in a single vector. 

31. The host cell of claim 29 wherein the nucleic acid encoding the 
first polypeptide and the nucleic acid encoding the second polypeptide are 

20 present in separate vectors. 

32.. A method of making a heteromultimer comprising culturing the host 
cell of claim 29 so that the nucleic acid is expressed and recovering the 
heteromultimer from the cell culture. 



15 



25 



30 



33 



The method of claim 32 wherein the host cell is a mammalian cell. 



34 . The method of claim 32 wherein the heteromultimer is recovered 
from the cell culture media.. 



35. A method of preparing a heteromultimer comprising: 

(a) altering a first nucleic acid encoding a first polypeptide so 
that an amino acid residue in the interface of the first polypeptide is 
replaced with an amino acid residue having a larger side chain volume, 

35 thereby generating a protuberance on the first polypeptide; 

(b) altering a second nucleic acid encoding a second polypeptide so 
that an amino acid residue in the interface of the second polypeptide is 
replaced with an amino acid residue having a smaller side chain volume, 
thereby generating a cavity in the second polypeptide, wherein the 

40 protuberance is positionable in the cavity; 

(c) introducing into a host cell the first and second nucleic acids 
and culturing the cell so that expression of the first and second nucleic 
acid occurs; 

(d) recovering the heteromultimer formed from the cell culture. 

45 
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36. The method of claim 35 wherein the first and second polypeptide 
each comprise an antibody constant domain . 

37. The method of claim 35 wherein the antibody constant domain is 
a Cb3 domain. 

38. The method of claim 37 wherein the antibody constant domain is 
from a human IgG. 
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